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ABSTRACT 
This research was conducted to (1) analyze earthmoving productivity, (2) develop 
detailed schedules for urban interchange reconstruction for the Iowa Department of 
Transportation (Iowa DOT), and (3) determine whether expediting urban interchange 
construction is a possible solution for shortening duration for the reconstruction of Interstate 
235 (1-235). The following projects were used as case studies in this research: (1) 
interchange reconstruction projects for the 14th Street, 19th Street, and 42nd Street in Des 
Moines, and 35th Street in West Des Moines. (2) bridge demolition projects for the 19th 
Street, Martin Luther King Street, and 42nd Street in Des Moines in the reconstruction of I-
235. The analysis results based on site observation and statistical analysis were described in 
these case studies. In earthmoving analysis, factors influencing earthmoving production 
rates, such as bucket capacity, number of passes, and hauling distance in urban interchange 
construction were significant. For the scheduling part, the as-built schedules for 35th Street 
in West Des Moines and 42nd Street in Des Moines were developed and compared with the 
contractor's original schedule. The actual urban interchange construction schedule resulted 
in a later completion date than originally estimated by the contractors. Even if earthwork, 
utility work, and paving processes were expedited based on the as-built schedules, the 
activities could be expedited aggressively to reduce the construction duration more. 
Expedited urban interchange construction is an alternative method to reduce total duration of 
the 1-235 corridor work. Moreover, duration, costs, resources, and sequences for urban bridge 
demolition were influenced by traffic control and bridge type. 
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CHAPTER 1. INTRODUCTION 
1.1 Research Background 
A 14-mile urban freeway that goes through central Des Moines (DsM), Interstate 235 
(1-235), reflects a 40-year-old design that was a standard in highway construction in the 
1960s. Currently, it is in need of reconstruction due to (1) rapid deterioration, (2) bridges of 
low height that do not allow high profile vehicles to pass, (3) not meeting minimum 
interchange spacing requirements, (4) traffic congestion, and (5) inadequate capacity to meet 
traffic demands expected in the next 20 years. 
The reconstruction project started in early 2002, and is expected to be completed in 
2007. The reconstruction design plan is to widen and replace about 80 overpass bridges, 
install noise barriers and retaining walls, and reconstruct about 20 interchanges, main line 
pavement, and utility works [2], The total cost of the project is expected to be $429 million. 
For this project, the Iowa Department of Transportation (Iowa DOT) developed its 
own initial preliminary cost analyses to provide budget information and construction 
schedules to set contract duration. A scheduling research team from Iowa State University 
(ISU) worked alongside the Iowa DOT to maintain the corridor schedule of the 1-235 
reconstruction project from 2000 until 2003 [1, 2, 3], In addition, the ISU research team 
developed a detailed bridge schedule and provided production rate information through site 
visits and collaboration with the Iowa DOT design team [4, 5], 
Many related research projects have been conducted to identify the amount of 
influencing factors on the production rate and scheduling. However, estimating the amount is 
difficult, because each project tends to have the native features regarding hauling distance, 
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operation method by each contractor, site condition, site size, and correlation of each item. 
Specifically, it is more complicated if the project is performed in the urban area since the 
urban project has more utilities, removal of existing structures, and restricted access. 
1.2 Problem Statement and Need for the Study 
Interchange construction is major part of the reconstruction, taking up about 20% of 
the total project cost [39]. Earthmoving is a major part of interchange construction. By 
comparing the difference between actual production rates for 1-235 and standard production 
rates provided by the Iowa DOT, it was found that production rates for urban highway 
projects are different from historical data that have been traditionally used. Although the 
production rates for the rural interchange construction were provided by the Iowa DOT, 
additional information involving urban highway reconstruction was needed to compare. 
Earthmoving productivity in urban interchange construction is lower, resulting in 2-3 times 
higher duration and cost; thus, the influencing factors were identified. Expedited urban 
interchange construction duration and the premium cost estimation method were also 
proposed to identify possible expedited contract duration for the Iowa DOT. 
1.3 Objectives and Methods of the Research 
This research was conducted to provide case studies of how contractors move earth 
for urban interchange projects in an urban corridor area. Influencing factors for earthmoving 
productivity were identified through site observations and statistical analysis. Another goal 
was to introduce a method of estimating project duration in urban interchange construction. 
ISU researchers identified the feasibility of expedited urban interchange reconstruction 
through developing an as-built schedule, visiting sites, and estimating the premium cost. 
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Earthmoving, pavement construction, and demolition involved in the 1-235 
reconstruction project were chosen as operations for examination. A literature review 
provided background information on previously conducted research in these areas. Other ISU 
researchers published theses previously regarding urban freeway construction [3, 4, 5, 6], 
Time studies were conducted to provide information on earthmoving productivity, 
which could be used for scheduling and cost estimation. Additional information was obtained 
through site visits, interviews with inspectors and contractors, and inspection documents. 
With the data gathered and analyzed using several computer programs, the ISU researcher 
compared the results with other researchers' results and wrote a narrative to be examined by 
an advisor. The process was performed repetitively to improve the research concept (see 
Figure 1.1). Specifically, data were gathered from various 1-235 projects, such as the 19th 
Street interchange construction, 35th Street West Des Moines (WDsM) interchange 
construction, 14th Street interchange construction, Martin Luther King (MLK) Street bridge 
demolition, and the 42nd street interchange construction (see Figure 1.2). 
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* Site Observations and Visits 
* Literature Review 
* Interviewing with Construction 
Personne; 
* Gathering Data from IA DOT 
Acquired Knowledge 
Bases and Research Data 
• 
• Data Input by using MIS Excel, 
MLS Project, J MP, and Means 
Cost Data 
• Compare own information with 
obtained information 
A 
Improved Research 
Concept 
Literature Review 
=nd Output Output 
• Checked by an Advisor • Write Narrative Research Results 
• Cross Check with other 
researchers 
Figure 1.1. Research methodology 
1.4 Thesis Organization 
Chapter 2 provides an overview of previous research on earthmoving production rate, 
scheduling for urban interchange construction, lost productivity in labor, and the premium 
cost due to overtime. Chapter 3 presents case studies of earthmoving projects on 1-235 and 
factors that influence production rate. Chapter 4 analyzes the development of a detailed urban 
interchange construction scheduling system. Scheduling and the premium cost estimation in 
expedited interchange construction projects were developed based on an as-built schedule, 
site observation, and inspection documents. The methodology and the results for these topics 
are explained in each chapter. A glossary of terms is presented in Appendix A, and a detailed 
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description of the paving process appears in Appendix B. The resource size of each activity 
appears in Appendix C. Appendix D lists the delay cases on the 1-235 project, and the 
gathered data in earthmoving project are illustrated in Appendix E. Appendix F shows 
production rate raw data of earthmoving projects on 1-235. Appendix G includes the 
comparison of working days and nonworking days regarding the schedules in this thesis. The 
legend for the as-built project schedule is included in Appendix H. Appendix I introduces the 
conceptual cost estimation method for urban interchange construction and examples of 
demolition cost estimation. The cost effect by selecting different traffic control methods and 
bridge types was significant (Appendix I). 
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Figure 1.2.1-235 map [1] and researched projects 
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CHAPTER 2. LITERATURE REVIEW 
2.1 Overview of Earthmoving Research 
2.1.1 Significance of earthwork research 
Most highway construction projects are heavily involved with earthwork. Thus, 
earthwork composes a very important part in determining construction duration and cost. In 
addition, earthwork has the greatest percentage of claims in highway construction shown in 
Table 2.1. 
Table 2.1. Claims categorized by highway elements [7] 
Highway element % of claimable issues (N=23) 
% of total clam cost 
awarded 
Earthwork 43.5 46.1 
Pavement 43.5 42.0 
Structures 8.7 6.0 
Others 8.7 5.9 
2.1.2 Earthmoving operations 
Earthmoving may include site preparation, excavation, embankment construction, 
backfilling, dredging, subgrade, subbase, and compaction. Using the best method of 
operation and selection of equipment is crucial to achieve the production rate with efficient 
operation and accessibility conditions. When selecting equipment, the project manager 
should consider the conditions of soil, zone of operation, and specification [8], 
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2.1.3 Factors Influencing the Earthmoving 
Christian and Xie developed a model to determine machine combination and to select 
the production rates by surveying a company's data as well as the opinions of experts. Figure 
2.1 shows that size of machine bucket, weather/season, haul distance, soil properties, 
operational method, size of job, and risk assessment are the factors with the greatest 
influence in determining production rates when using a tractor. The age of machine, haul 
distance, haul road condition, gradient, on/across highway, and soil properties are the factors 
with the greatest influence in determining production rates when using a scraper [9], 
100 -
80 -
GO -
40 -
20 -
A  B  D  I  J  L K G F C E H  
• Tractors • Scrapers 
KEY: 
A: Size of Machine Bucket 
D: Haul Distance 
G: Operator Skill 
J : Operational Method 
B: Weather/Season 
E: Haul Road Condition 
H: On/Across Highway 
K: Size of Job 
C: Age of Machine 
F: Gradient 
I : Soil Properties 
L: Risk Assessment 
Figure 2.1. Factors influencing production rates determined by construction 
contractors [9] 
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Factors influencing earthmoving operation were grouped into three categories by 
Christian and Xie [10]: 
1. Machine selection related: the type of operation, haul distance, quantities, height-
depth-reach requirements, and haul road conditions. 
2. Production rate related: the size of machines or buckets, soil properties, rolling 
and grade resistance, loading, unloading and travel times, job efficiency, 
operation duration, and quantities. 
3. Cost related: depreciation, interest, taxes, insurance, license fees, storage and 
security, maintenance, fuel costs, and operator's wages. 
Smith also researched the factors that influence the earthmoving project. Earthmoving 
productivity, number of resources, cost, and duration may be estimated before construction. 
In order to estimate the actual production rate, the hauler cycle time should be observed and 
recorded. The data are classified by unique activity of loading, hauling, dumping, returning, 
and queuing. Each operation has variable combinations of equipment types and quantity, 
material types, operating conditions, weather, and time of year, etc. [11]. 
The following operations were observed and recorded in Smith's method: 
• One-way haul length. 
• Type of site and quantity of cut and fill. 
• Loading start and finish times. 
• End of travel/start of wait time (moment when hauler joins queue). 
• End of cycle time (taken as moment when loading recommences). 
• Volume carried per cycle: For dump trucks, this was estimated by counting the 
number of passes of the loader to fill the truck. 
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Match Factor (MF) is a measure of mismatch and indicates whether the appropriate 
number of trucks is employed to provide maximum efficiency. It was first proposed by 
Morgan and Peterson (1968), and is calculated using the following equation [13]: 
, ,, Number of Haulers x Loader ( ycle Time Match Factor= 
Number of Loaders x Hauler Cycle Time 
When the match factor is 1, the operation is referred as the ideal condition for 
determining the number of machines and the cycle time of employed equipment. If MF < 1, 
the operation indicates that less than the ideal number of hauling units are provided. If MF > 
1, more haulage units are employed to the operation. Therefore, the efficiency with the 
maximum output is followed by excessive cost per unit volume. 
The estimation process starts with the consideration of specific machines employed in 
an operation. The first step is selecting the appropriate machines based on the type of 
operations needed. Reduction in productivity was investigated, and the associated match 
factor and bunching factor were explained. Smith also presented a method to determine the 
total amount of resources required on site and a good estimate for planning. 
In Figure 2.2, the output can reach 100% if the match factor is greater than 1. 
However, actual productivity is somewhat different because the effect of the variable truck 
bunching exists in the earthmoving procedure. Thus, it was proposed that overall efficiency 
is no longer increased for MF=1 [12, 13]. 
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Match Factor 
Figure 2.2. Effect of equipment match on productivity [12] 
Smith [12] published a relatively realistic relationship between the overall efficiency 
against match factor as illustrated in Figure 2.3. Unlike Figure 2.2, overall efficiency 100% 
does not correspond to MF=1. Match factor for 100% overall efficiency is reached at 1.8 as 
the efficiency increases through adding more resources. Even if the efficiency is 100%, the 
work will not be considered as the best practice because the added hauling resources increase 
the cost more than would be ideal. Therefore, many contractors consider the bunching factor, 
which places equipment more than the required amount for MF=1, to obtain the highest 
production rate. 
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Figure 2.3. Match factor versus overall efficiency by bunching factor [12] 
2.1.4 Estimating production rate 
In order to calculate the production rate in the most convenient and useful method, 
the unit of work and the unit of cycle time are used to provide accurate and meaningful 
results. 
Unit of work done Production rate = 
Unit of time work done 
Bank cubic yard (BCY), loose cubic yard (LCY), and compacted cubic yard (CCY) 
are important figures for estimating earthmoving production rates (see Figure 2.4). For 
example, if BCY is one cubic yard, LCY and CCY are variable depending on soil property 
and whether they are disturbed by excavation or are compacted [10]. 
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BCY 
(cubic yard in natural condition) 
LCY 
(cubic yards after digging) 
CCY 
(cubic yards after compaction) 
Clay 1 1.43 0.9 
Sand or 
gravel 1 111  095  
Loam 
(common 
earth) 
1 1.20 0 85 
Rock 1 1.50 1.30 
Figure 2.4. Material conversion factors for earth-volume changes [10] 
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Table 2.2. Format typically used to present time study data [12] 
Haul length 
Average speed (km/h) 
Haul Return 
Total travel 
time (s) No. trucks 
Production 
rate (m3/h) 
Activity 
duration 
(days) 
460 6.6 10.3 126 2 250 47 
915 6.7 10.7 294 4 303 25 
300 7.0 11.3 88 2 280 9 
910 6.6 10 8 250 3 267 4 
1200 6.6 10 8 370 4 273 30 
1400 6.3 11.2 424 5 296 12 
1400 6.3 11.2 424 5 296 15 
765 7.0 1 1 1  264 3 260 14 
970 7.1 11.3 329 4 291 8 
1130 6.7 11.3 355 4 280 12 
The methods to calculate production rates for earthmoving projects have been 
published in several journal articles [11, 12, 13]. First, the total volume of earth to cut or fill 
must be obtained, and then the haul length, average speed, total travel time, number of trucks, 
and eventually the production rate and activity duration may be estimated. Table 2.2 presents 
the necessary data for estimating production rates in earthmoving projects. 
Necessary steps for estimating the productivity of a hauler and loader operation are 
given as follows [11]: 
• Calculate the hauler and loader cycle times. 
• Determine the number of haulers. 
• Calculate the match factor. 
• Calculate the possible loader production by using the loader cycle time. 
• Calculate the actual hauler production by using the hauler cycle time. 
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• If necessary, allow for bunching. 
The first point is to consider the productivity provided by performance of the 
excavator and loader. The maximum possible productivity is dependent on the output from 
the loader. This is varied by changing the number of equipment combinations and the 
characteristics of performance. Ultimately, maximum productivity is rarely reached, at least 
not in an efficient manner. It is reduced by mismatch and bunching. For the excavator and 
dump truck system, the excavator is the prime mover used to achieve maximum prime output 
if the excavator is working at maximum utilization and supplied with enough trucks [13]. 
Pmax = Load Cycle Rate {loads I hour) x Load Volume per cycle (m) 
Possible total productivity will be lower than Pmax when the number of available units is 
insufficient to keep the excavator busy. 
Actual productivity is determined by the following equations: 
Pactuai = Hauler Cycle Rate {cycles I hour) x Load Volume (nr ) 
p 
Bunching Factor = —actual 
^* possible 
Truck bunching is the major factor causing the cycle time of hauler to be variable. 
This effect reduces the possible productivity of an operation because the loader should wait 
for a prolonged period until a truck joins in the queue. Rolling resistance has been known to 
be one of the variable factors in an earthmoving operation. In addition, the production rate of 
real earthmoving operations is lower than the output that has been estimated at a site [11]. 
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2.1.5 Estimating earthmoving productivity by using regression modeling 
Regression analysis is a powerful tool by which the researcher learns more about the 
relationships within the data being collected [13]. Multiple linear regressions are used to 
determine statistical relationships between productivity and the explanatory variables. 
The regression model requires a few assumptions. The equation of multiple 
regression and three assumptions were included in the following: 
y, = Po + PlXil  + fi'jXrj + • • • + ftpXip + 1=1,2,  . . .  n  
• Yi is the response that corresponds to the levels of the explanatory variables x,_ x2, ... 
xp at the ith observation. 
• Pi, P2,... PP are the coefficients in the linear relationship. For a single factor (p=l), Po is 
the intercept, and Pi is the slope of the regression line defined. 
• si, 82,... sn are errors that scatter around the linear relationship at each value from i =1 
to n observations. The regression model assumes that these errors are mutually 
independent, normally distributed, and with a zero mean and variance, a2. In practice, 
this is sometimes difficult to achieve. 
The most important to know in modeling is the variables can be estimated by project 
manager before earthmoving operations. In addition, interaction between explanatory 
variables should be considered. Actual productivity and bunching factor are the clearest 
selections as responses [13]. 
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2.2 Scheduling Analysis for Expedited Construction 
2.2.1 Project schedule 
Many construction businesses use schedules as effective decision-making tools in 
order to plan, schedule, and control the overall project. Contractors use schedules to 
minimize the total duration of projects because their indirect costs cease once the entire 
project is completed. A longer duration in employing resources at the job site means a greater 
cost. The estimate defines the scope of the project in terms of quantities, labor forces, and 
hours of equipment usage. The schedule is also developed to control the expenditure of time. 
The resources and the time are interrelated in such that the estimates provide a detailed 
breakdown of the resources needed over a specified time as provided in the schedule 
information. These two resources are used as communication and problem solving tools as 
well. Therefore, the project management team sets a goal using a planned expenditure of 
resources that will meet the project's quality, cost, and time requirements [14]. 
The as-planned schedule submitted by the contractor is the first step used to analyze 
progress according to delays or rapid expedition ahead of schedule. In many instances, a bar 
chart may be the major schedule used instead of a Critical Path Method (CPM). However, the 
development and maintenance of a network schedule may be required by special addenda or 
supplementary general conditions. 
The following considerations are made by analyzing the schedule to make decisions 
requiring action at a construction phase [14]: 
• Whether or not to extend the project and determine which activities can be 
expedited to advantageously influence the completion of the project. 
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• Whether or not to issue a change order by analyzing the project schedule. 
• In certain cases, whether or not to terminate the contractor. 
Owners and contractors may also use schedules to identify activities that can be 
expedited or to try to change a sequential performance to a more concurrent one. A schedule 
also enables one to analyze the desired timeframe for use of overtime, shift work, additional 
crews, or resequencing. The schedule is usually reviewed and updated on a pre-arranged time 
basis [14]. 
Use of a project schedule can help to discourage claims through documentation of the 
sequence of events completed or needing completion. It also facilitates cost-effective 
expedition of a project. The project schedule is not only a tool for project management, but it 
also helps to avoid claims and issues occurring at the construction site [15]. 
2.2.2 Developing a schedule and construction delay analysis 
In the planning phase, the management team executes decision-making based on 
information gathering, identifying, and defining activities, applies the decisions in the new 
sequences and segments of the work, and establishes flexibility for the construction while 
utilizing the schedule. The second phase of schedule development entails forming precise 
estimates based on time and resources. Evolving from rough stage to project schedule 
requires communication and approval of all parties involved. Monitoring and controlling 
occur during the third phase of project schedule through continual updating based on current 
information. Controlling involves the documentation and communication of changes to the 
plan and schedule. Factors affecting change may include being behind schedule, a change in 
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scope, material delays, and a lower production rate. As a final step, the documentation of all 
changes should be recorded as historical information for future similar projects [14]. 
The delay analysis plays an important role in determining the causal effect between 
the owner's problems and contractor's work. Determining the cause influencing the critical 
path and completion of the project is a difficult task. It is dependent on the size of project and 
the availability of the records required by the analyst. The procedures for carrying out an 
analysis of a construction delay proposed by Zafar [16] are as follows: 
1. Review the bid documents and as-planned schedule: Based on a shifting of the 
milestone and project completion dates, the contractor should monitor the change in 
regard to premium cost for the expedited projects. The plans and specifications 
should be reviewed frequently to evaluate progress completion of the individual 
activities in relationship to the overall project. 
2. Analyze the scheduling update: Updating the as-planned schedule should be 
performed on a regular basis. The milestone schedule is very useful in identifying the 
periods of delay (see Table 2.3). 
Table 2.3. Float trend report [16] 
CPM baseline/update Milestone 1 Milestone 2 Milestone 3 Final completion 
January 1994 baseline 0 0 0 0 
February 1994 update -10 0 0 0 
March 1994 update -10 -15 -12 -15 
April 1994 update End -15 -12 -20 
May 1994 update End End -20 
June 1994 update End 
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3. Make a site visit: A site visit at the beginning of analysis can facilitate an 
understanding of various activities, their logical sequence, and geographical 
information as well as to make acquaintance with the site personnel. 
4. Review correspondence, memos to file, and photographs: Photographs can show the 
progress of construction at different points, helping one to better understand progress 
made as well as to determine whether scheduling is well developed as a process 
checklist. This feature is becoming more common in the construction industry with 
the use of the digital camera as a powerful construction tool. A digital camera enables 
contractors and owners to track operations, respond to problems, and communicate 
better with those involved in the project [17]. 
5. Review requests for information such as change order files: One of the major reasons 
for construction delay is a change order initiated by the owner. 
6. Review the project'sprogress meeting minutes: For example, for the 1-235 project, 
the Iowa DOT representative and the contractor's project manager meet on a weekly 
basis to determine problematic areas and attempt to figure them out. 
7. Review the superintendent's daily report and quality control report. 
8. Interview field personnel: This action might not result in determining how to reduce 
the duration, but at least it provides a greater understanding of the project through 
interviewing field workers with whom the analyst may not know. 
9. Review the pay request/pay report: In the absence of a properly updated schedule, pay 
reports are a good tool to identify construction progress and the status of a project at a 
particular time. 
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10. Prepare an as-built schedule: It is inevitable that there will be a need to develop a 
detailed as-built schedule for any project. The as-built schedule should be developed 
based on daily reports or progress meetings. The as-built schedule is a tool used to 
deliberate an as-built condition and actual delay. It also helps to compare the as-
planned schedule to identify problems with an actual logical sequence. 
By reviewing the preceding methods, a researcher can identify the cause of the delay 
and estimate the additional cost and duration [16]. 
2.3 Expedited Construction 
Expedited construction occurs when there is a forced completion of the contract work 
in a shorter period than should have been allowed by proper contract time. Determining the 
additional direct and indirect costs incurred over the performance period, including 
rescheduling, resequencing, and other impacts, arises out of the expedited effort. Several 
factors that result in cost increases of expedited construction are as follows [18]: 
• Additional labor, equipment, supervision, and overhead 
• Reduced efficiency due to increased manpower and overtime 
• Concurrent work—standby time for labor or equipment 
• Disruption of schedules designed for optimum equipment, and manpower 
• Stacking of trades—late supply of information, equipment, or material 
• Restricted access on-site for resources 
• Re-sequencing the work 
• Inadequate scheduling and coordination by owners and general contractors 
• Ripple effect of inefficiency factors to other contractors 
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2.3.1 Factors resulting in lost productivity in expedited construction 
Specific causes of productivity losses are categorized as overtime, adverse weather 
conditions, worker crowding, trade stacking, out-of-sequence work, early occupancy of the 
facility, expedited construction, and miscellaneous disruptive events. Other inefficiencies 
caused by expedited construction might entail the conversion of work forces, unavailability 
of equipment and material, or poor workmanship [15]. 
Claimants use five methods to demonstrate and compute lost labor productivity [15]: 
1. The total labor cost method. Request to make up for differences between the 
actual labor hours expended and the initial estimation of labor forces. 
2. Estimates of loss using expert opinion: Find the cause and effect of disruptive 
events and productivity loss. 
3. Comparison to industry standards and publications: Comparison can be made to 
other construction publishers, such as Jesse R. Page [19] and Business 
Roundtable [20]. 
4. Comparison to the claimant's historical productivity on other jobs: Many 
contractors try to keep a past construction record for use of productivity. 
5. Project specific comparison: Comparison by work area and limitation of site 
access. 
Figure 2.5 illustrates an example of calculating the productivity loss using a time 
table entitled "window of time" approach. This method can explain a variety of disruptive 
events and conditions, such as delay, limited site access, and unavailability of material and 
equipment. Figure 2.5 also provides the information including loss of productivity, intensity 
of expedited construction, and the time expedited [15]. 
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Figure 2.5. Loss of efficiency: Cause and effect relationship [15] 
Figure 2.6 illustrates the effect on payroll cost during an overtime-basis construction. 
Among the results evolved by expedited construction, the line of gross labor cost increase is 
directly proportional to crew size increase. Theoretically, production rate increases 
proportionally with the increase of crew size and as the total labor unproductive cost 
increases. The amount of decreased efficiency is equal to that of increased unproductive cost 
Overtime and shift work are easily recognized in expedited work because contractors 
pay the premiums to laborers. A work week that exceeds five days per week results in 
premium pay rates and a drop in efficiency. The efficiency losses result from a slower pace 
by workers due to fatigue from longer hours and working in conditions of less light in the 
later hours of the day, traffic, and disruption [21]. 
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Figure 2.6. Composite effects of crew overloading overtime versus productivity [21] 
The premium cost for overtime hours and the additional loss in productivity for the 
total hours worked result in an unreasonable inflation of the unit labor cost. Studies have 
revealed that scheduled overtime operations result in a sharp drop in productivity initially, 
followed by a substantial recovery by the end of the week [18, 20]. The next two or three 
weeks will be shown as holding steady, but there will still be a decline for that duration 
(Figure 2.7). After five to six weeks of operation, there is a further drop in productivity until 
nine to twelve weeks of sustained overtime operation. It should be understood that this 
condition is based on normal construction and does not include any other adverse factors 
such as labor, climate, and poor management. When a work is scheduled for 50 or 60 hours 
per week, then there is a loss of productivity for the total working hours not just for the 10 or 
20 hours overtime. 
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60 Hour Week 
1 2 3 3.5 4 5 6 7 8 8.5 9 10 11 12 
week 
Figure 2.7 Cumulative cost of overtime—successive weeks of productivity loss plus 
overtime premiums [18, 20] 
Tables 2.4 and 2.5 exemplify the information in Figure 2.7. Table 2.4 illustrates the 
effect of reduced efficiency of a 50-hour week and the premium cost of overtime. Table 2.5 
shows the information of a 60 working hours per week. These two tables describe that the 
productivity after six to eight weeks of working is no greater than the productivity when 
working for 40 hours in an hour-gain over 40-hour week. The more overtime per week, the 
greater overtime cost results in. The data in Tables 2.4 and 2.5 are used to calculate the 
premium cost by expedited construction in interchange reconstruction [18, 20]. 
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Table 2.4. Relationships of hours worked, productivity, and costs (40 vs. 50 hours) 
50-hr. Productivity rate Actual hour Hour gain Hour loss due to 
productivity 
drop 
Premium 
hours 
Hour cost 
overtime 
work weeks 
40-hr. 
week 
50-hr. 
week 
output for 
50-hr. week 
over 40-hr. 
week 
of overtime 
operation 
0-1-2 1.00 0 926 46.3 6.3 3.7 10 13.7 
2-3-4 0 900 45.0 5.0 5.0 10 15.0 
4-5-6 0.870 415 3.5 6.5 10 16.5 
6-7-8 0 800 40.0 0.0 10.0 10 20.0 
8-9-10 0.752 37.6 -2.4 12.4 10 22.4 
10-11-12 & 
up 0.750 37.5 -2.5 12.5 10 22.5 
Table 2.5. Relationships of hours worked, productivity, and costs (40 vs. 60 hours) 
60-hr. Productivity rate Actual hour Hour gain Hour loss due to 
productivity 
drop 
Premium 
hours 
Hour cost 
overtime 
work weeks 
40-hr. 
week 
60-hr. 
week 
output for 
60-hr. week 
over 40-hr. 
week 
of overtime 
operation 
0-1-2 1.00 0 900 54.0 14.0 6.0 20 260 
2-3-4 0 860 51.6 11.6 8.4 20 28.4 
4-5-6 0 800 480 8.0 12.0 20 32.0 
6-7-8 0.710 42.6 2.6 17.4 20 37.4 
8-9-10 0660 3 9 6  -0.04 20.4 20 40.4 
2.3.2 Cost estimation in expedited construction 
Evaluating the scheduling effect involves more than simply comparing as-planned 
activity dates with the actual performance dates. All impact factors must be analyzed 
according to the contractor's plan relating to progress in either time schedules or labor 
productivity [22]. To estimate the premium expedited cost, not only should the direct cost of 
overtime be considered, but also the cost of inefficiency. For example, declining productivity 
due to the prolonged use of overtime should be included, which can reach up to 250% of the 
cost for the overtime [14]. 
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The development of an as-planned schedule and actual as-built schedule is still 
necessary to evaluate features of the project and the impacts to the cost of expedited 
construction. The contractor not only deals with a bar chart or network, but may also require 
interim milestone completion dates. The contractor's as-planned intention for the project is 
generally shown in a manpower chart, productivity projections, or projected earning 
diagrams on a time-scale basis. Conditions relating to equipment availability, labor 
availability, seasonal weather, staging, and procurement should also be examined in detail. 
After the as-planned schedule is analyzed, it will probably be necessary to refine and adjust it 
in order to develop an updated schedule for comparison purposes. Adjustments may be 
appropriate to reflect milestones, phasing and access restrictions, or other crucial restrictions 
that the contractor knows or should know when planning the job. 
According to the information provided, the extra cost by additional employing 
equipment and labor can be calculated. However, in many cases developing an exact as-
planned schedule is not easy. When using expedited construction, the planner may have to 
take into consideration a variety of factors to obtain a reasonable premium cost [14]. 
Two methods can be used to decrease project duration for developing an expedited 
construction schedule. One is reducing the duration, and the other is compressing the 
schedule occurring in a typical expedited construction. The former does not influence the 
cost significantly as compared to the latter, because new techniques can be used to lessen the 
duration [22]. For more efficient development when compressing a schedule, perhaps the 
same type of work can be scheduled in sequences; thus, the same crews might be used 
repeatedly to take advantage of the learning curve and shorter time requirements associated 
with experienced workers. Furthermore, non-critical activities can be performed within the 
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available float time. In order to ascertain if the premium cost due to expedited construction 
will be reasonable with time savings, a schedule should be developed in advance to 
determine if the project actually slows down the work [14]. 
The calculation of lost labor productivity based on information previously gathered in 
building and industrial construction should be the next step to determine the premium cost of 
expedited construction. The three methods to calculate the loss of productivity are the total 
cost approach, Leonard method, and industry studies. Here are the estimating examples 
introduced by William Schwartzkopf [18]: 
1. Total Cost Approach 
Total Actual Manhours: 122,000 
Actual Hours for Base Contract Work: 87,000 
Estimated Hours Base Contract Work: 63,000 
Unproductive Hours: 24,000 
Hourly Billing Rate: $ 24 
Lost Productivity Cost (24,000 x $ 24): $ 576,000 
2. Leonard Method 
Total Actual Manhours: 122,000 
Actual Hours for Base Contract Work: 87,000 
Leonard Inefficiency Factor: 29 % 
Unproductive Hours 25,230 
Hourly Billing Rate: $ 24 
Lost Productivity Cost (25,230 x $ 24): $ 605,520 
3. Business Roundtable Study 
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Crew Overloading Factor (47 divided by 20): 134.23% increase 
Percent Labor Loss by Overloading: 
Non-Productive Hours: 
Combined Loss of Labor Efficiency: 
30% 
35,740/ 1.3 =27,492 
35,740-27,492 = 8,248 
Overtime Impact = 18,115 
Crew Overloading = 8,248 
Total Hours 26,363 
Hourly Billing Rate: $ 24 
Lost Productivity Cost (26,363 x $ 24): $ 616,894 
In this research, the Business Roundtable Study [20] was selected to determine the 
expedited premium cost in 1-235 interchange reconstruction due to the ease of application. 
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CHAPTER 3. EARTHMOVING ON INTERSTATE 235 
Performing effective earthmoving process is important for project completion in the 
designated duration in urban freeway construction. In practice, earthmoving in urban 
highway construction has more barriers that increase project duration and cost. Identifying 
influencing factors on production rates through site observations with time studies can 
provide information on the causes of urban projects having lower production rates than rural 
projects. The research will suggest the several methods that can be used to raise production 
rates. 
To determine the production rate of the projects in the research, several major sets of 
data were collected, such as the cycle time of excavators and trucks, the number of pieces of 
equipment, and soil properties. The material conversion factors regarding soil properties 
were included to ascertain a more realistic production rate. The factors included in truck 
cycle time were start time, spot time, hauling time, and dumping time [12]. By following the 
truck in Figure 3.1, the author measured the hauling distance, travel time, and dumping time. 
The bunching and the dump areas were also identified by the effective method. 
Rolling resistance is one of the major factors in a highway earthmoving project, but it 
was assumed not significant in urban highways due to a relatively higher paving rate for the 
hauling road. In practice, rolling resistance could be considered to be 5% for most of 1-235 
earthmoving projects according to the Caterpillar typical rolling resistance [12]. However, no 
rolling resistance figures were included for estimating production rate in the research. 
Sections 3.2-3.7 introduce various types of sites that were observed and the data analysis. 
The cases will provide examples on general information about preplanning, execution, and 
the problems encountered during earthwork. Statistical analysis was performed to compare 
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Figure 3.1. Estimated hauling distance by the author following the truck 
and contrast trends that were initially identified [23]. The last subsection, 3.8, summarizes 
the problems and concludes with solutions. 
3.1 Present Condition of Earthwork at 1-235 Urban Highway Construction 
An excavator, loader, and bulldozer are preferred for cutting and filling at the 1-235 
urban highway project in Des Moines. Trucks are the most preferable equipment in the 1-235 
highway reconstruction, because borrow pits and waste dumps are not usually located in the 
sites, and most hauling distances are greater than 500 meters. Economic earthmoving 
distances for equipment are illustrated based on performances in the Caterpillar Performance 
Handbook (Figure 3.2) [24]. 
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Figure 3.2. Economical earthmoving equipment distances [24] 
Figure 3.3 illustrates a comparison of project durations between 17 rural area projects 
and 13 projects in 1-235 reconstruction to depict differences in production rate. The daily 
average production rate was 3,222 yd3 per day for 17 rural projects with volumes of less than 
250,000 yd3 of earthwork for each, whereas the average for 1-235 projects was 1,367 yd3 per 
day (see Figure 3.3). Regression lines for two figures were used to illustrate the productivity 
difference. Note the increased difference between the two groups as quantity increases. The 
comparison is based on the duration of Class 10 Roadway-and-Borrow and Embankment-in-
Place as described in the document "Contractor Request" provided by the Iowa DOT. 
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Notes: 1. Quantities for 1-235 project are based on as-built quantity until June 2004. 2. Duration and quantity are based on contract 
request (See Appendix F), 3. More information about each project is described in Tables F. 1-13 of Appendix F. 
Figure 3.3. Earthwork production rates between rural highway (lower line) and 1-235 DsM urban highway (upper line) [2] 
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3.2 On-site Earthmoving 
3.2.1 Excavation for MSE wall construction at the 19th Street project 
The project was delayed for three months because of a lawsuit regarding alleged 
damage to a building in the area of the MLK and Cottage Grove project. This project was 
expedited to compensate for the late start and to complete as much as the designated plan 
before the winter season. In this project, a mechanically stabilized earthen retaining wall 
(MSE wall) was built up to widen the 1-235 mainline (see Figure 3.4). The excavated 
quantity from the MSE wall construction was sent to Ramp A, Ramp D, or Ramp C at the 
35th Street project, the 22nd Street bridge project, and other sites. The remainder was 
stockpiled at the south part of 19th Street (see Figure 3.6). This section deals with 
earthmoving of the remainder that was sent to stockpile. 
Reilly Construction Co., Inc., executed the earthmoving in the project. For the 
operation, an excavator and a bulldozer for excavation, and three dump trucks for hauling 
were employed. Temporary roads were initially constructed for easy equipment access. An 
excavator was employed in front of the excavation pit, and the earth was loaded to trucks 
while a dozer excavated and pushed earth to the middle of excavation pit. This equipment 
combination reduced excavation time, because it is hard for the excavator to dig earth due to 
the excessive depth of the excavation pit. However, access to the pit increased the cycle time 
due to no turning space and the steep slope of the access (Figures 3.4 and 3.5). 
The hauling distance for the trucks from the excavation pit to stock pile was 900 
meters with a cycle time of 12 minutes on average. The cycle time constituted 2.5 minutes 
for loading by excavator and 3.5 minutes for hauling to stockpile, 1 minute for dumping, and 
35 
4.5 minutes for returning to the excavation pit. In this case, another minute was added to 4.5 
minutes of returning time, because the truck was reversed to approach the excavator (see 
Figure 3.5). 
Figure 3.4. Excavation pit for the MSE wall in the 19th Street bridge project 
In an earthmoving project, the match factor explains how well the combination of 
equipment is accomplished. An equipment combination of four dump trucks with one 
excavator was determined to be the best match. The reason is described in the following 
calculation. 
For three trucks, use: 
_ Number of Haulers x Loader CycleTime _3 x 2.5 
N u m b e r  o f  L o a d e r s  x  H a u l e r  C y c l e  T i m e  1 x 9  
For four trucks, use: 
^ , _ Number of Haulers x Loader CycleTime _ 4 x 2.5 ^ 
N u m b e r  o f  L o a d e r s  x  H a u l e r  C y c l e  T i m e  1 x 9  
36 
Figure 3.5. Temporary road during construction 
As mentioned in Chapter 2, if a match factor is less than one, the operation has a 
fewer number of haulage units. However, if one more truck were to be added in the project, 
the match factor would be almost close to 1 or slightly higher, because the hauling cycle time 
would be increased, making the value of the equation equal 1. Therefore, the match factor 
would be close to 1. Even if the cost increases as much as the price for operating one truck, 
the match factor would change for better efficiency. 
3.2.2 Earthmoving at Ramp A in 35th Street project 
Six trucks, two excavators, a buldozer, and a compactor were employed for the 
operation. Figure 3.7 illustrates that six trucks repeatively hauled earth to the top of the Ramp 
A to subgrade. The total production rate was 2,204 m3day~' with approximately 367 m3day~' 
per truck. 
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MSE Wall Excavation by 1 
Bulldozer and Loading by 1 
Excavator 
Hauling and Dumping by 3 Trucks 
Hauling Distance: 900 m 
Figure 3.6. Hauling route in the 19th Street bridge project [38] 
Figure 3.8 depicts the route in which the hauling units were circulated and filled. 
Afterwards, a buldozer and a compactor spreaded and compacted the earth fill. This chapter 
provides a case study depicting how the contractor utilizes the employed equipment and 
achieves the production rate in the condition with efficient operation and accessibility. 
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Figure 3.7. Earthmoving at Ramp A in the 35' 
project 
th Street interchange reconstruction 
SOURCE OF EARTH 
SJLTBGRADE 
RAMPA 
Figure 3.8. On-site earthmoving at the 35th Street interchange reconstruction project 
[38] 
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3.2.3 On-site earthmoving using one excavator and two trucks 
This project depicts another example of earthmoving within the project limits, 
indicating how contractors select the desired amount of equipment (Figures 3.9 and 3.10). 
The south side of the ramp was initially excavated and two trucks were used to move the 
earth to the north side to subgrade. The ramp length is about 800 m; thus, the average hauling 
distance was estimated to be 400 m. The logic might appear simplistic; however, 
earthmoving in such a small space requires a more strategic approach. The earth was loaded 
by the excavator, and then the trucks moved in reverse direction to dump in areas needing fill 
and then moved forward to the excavator. This method was typically used to reduce time and 
movement of each hauling unit. 
Figure 3.9. Earthmoving process at the 14th Street interchange reconstruction project 
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Fill & compaction 
by two trucks 
Excavating & loading by 
one excavator for bridge 
widening and ramp grading 
15 Street 
14"* Street 
Figure 3.10. Earthmoving at the 14th Street interchange reconstruction project [29] 
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Proof rolling with a truck was used instead of using compactor due to the small space 
(Figure 3.11). It did not seem to be a crucial point but practically resulted in a big 
improvement in job efficiency. One bulldozer was employed to spread the soil, flatten the 
earth pile, and then a truck compacted. 
Table 3.1 shows how a production rate of 1,000 m3/day was estimated by the author. 
In order to estimate the production rate, the material conversion factor for earth-volume 
changes was estimated to be 76%, being equal to 0.95/1.25 of undisturbed earth. Shift factor, 
0.75, was included to estimate production rate as efficiency rate on shifting to another work 
by a truck, where one of the trucks performed proof rolling after dumping to grade during 
half of the work time. The project was relatively more efficient than any other sites observed 
on 1-235. A production rate of 500 m3/day per hauling unit could be referred to as well-
performed earthmoving in urban interchange construction. 
Figure 3.11. Grading project at a narrow site 
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Table 3.1. Earthwork production rate at 14th to 15th Street interchange reconstruction project 
No B.C. (m3) M.F. Start 
Loading 
C.T. 
No. 
of 
passes 
Loading 
C.T. per 
bucket 
Spot 
Travel 
time 
(sec) 
Truck 
D.T. 
(sec) 
Truck 
C.T. 
(sec) 
Speed 
(mile/ 
hour) 
PR. 
per unit 
(mVday) 
Actual 
PR. 
Possible 
PR. 
Bunching 
factor 
1 2.2 0.7 15 151 5 30 18 192 50 426 2.1 425 850 1,413 0.60 
2 2.2 0.8 12 124 5 25 20 120 45 321 2.8 564 1,128 1,875 0.60 
3 2.2 0.8 19 196 5 39 23 230 35 503 1.8 360 720 1,197 0.60 
4 2.2 0.9 36 200 5 40 12 150 45 443 2.0 409 817 1,359 0.60 
5 2.2 0.4 40 79 4 20 29 204 62 414 2.2 437 875 1,163 0.75 
6 2.2 0.7 51 171 4 43 14 189 44 469 1.9 386 772 1,027 0.75 
7 2.2 0.7 34 146 5 29 22 174 34 410 2.2 442 883 1,468 0.60 
8 2.2 0.7 30 125 4 31 11 165 38 369 2.4 491 981 1,305 0.75 
9 2.2 0.7 15 90 3 30 12 81 57 255 3.5 710 1,420 1,416 1.00 
10 2.2 0.7 37 173 6 29 16 180 56 462 2.0 392 784 1,563 0.50 
11 2.2 0.7 12 90 3 30 14 102 42 260 3.5 696 1,393 1,389 1.00 
12 2.2 0.7 18 106 5 21 18 127 32 301 3.0 602 1,203 2,000 0.60 
13 2.2 0.6 34 115 5 23 25 137 47 358 2.5 506 1,012 1,681 0.60 
14 2.2 0.6 30 101 5 20 15 129 38 313 2.9 578 1,157 1,923 0.60 
15 2.2 0.7 15 116 5 23 14 158 36 339 2.7 534 1,068 1,776 0.60 
16 2.2 0.6 37 114 4 29 16 169 56 392 2.3 462 924 1,228 0.75 
Ave. 2.2 0.7 27 131 5 29 17 157 45 377 2.5 500 999 1,486 0.68 
5/21/ 
2004 
No. 
of 
trucks 
2 
No. 
of 
loaders 
1 Swell factor 0.76 
Quantity 
per 
truck 
load 
6.71 Shift Factor 0.75 
Notes: (1) Durations are based on a 10-hr productivity day. (2) Rolling resistance, 1.5%, is assumed based on Caterpillar typical rolling resistance [12]. (3) 
B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, R.R.: rolling resistance, P R.: production rate, E.F.: efficiency factor, C.T.: cycle time, 
D.T.: dump time. (4) P R. per one cycle time is calculated based on the equation P R per unit = quantity per truck load [(15(tons of truck)/1.7(ton/m3, unit 
weight of soil) x swell factor ( 0.9 5 ( C C Y ) /1.2 5 ( LC Y ) ) | / s h i ft working rate(0.75)x3600><10(hr)/cycle time. (5) H.D=400 m. 
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3.3 Earthmoving Method at the 35th Street Interchange Construction Site 
This project shows that maximum use of an excavation pit within the project limits is 
a cost-effective method in an earthmoving project. The total quantity (146,341 m3) of a bid 
item, excavation and borrow, comprised of 92,910 m3for earthmoving within the site, 31,501 
m3 for each ramp from Ramp B, and an insufficient quantity (21,930 m3) from other 1-235 
projects. According to the design assumptions, the excavation quantity was initially provided 
on-site, and then the insufficient quantity to fill was planned to be acquired from a designated 
borrow pit located at Old Army Post Road and 105th Street. In practice, however, only Ramp 
B was used as a borrow pit, and the cut quantities from other sites on 1-235 provided a 
deficient fill quantity in this project (Figure 3.12). 
Table 3.2 illustrates the earth use rate at the site, in which 85% of the total amount 
was used on-site, 63% used in the ramps, and the remaining 22% used after relocation from 
the source of earth (Ramp B). A total of 15% of earth was moved to the site from other 
sources. The sources of earth for the 35th Street project were 22nd Street, 2nd Avenue, MLK 
Boulevard, 19th Street, 12th Street, and the Pennsylvania Avenue project. 
3.4 Earthmoving at the Culvert Installation from Polk Boulevard to 42nd Street 
The culvert extension from Polk Boulevard to 42nd Street was undertaken by one of 
the 1-235 project contractors, Elder Corporation. Three kinds of equipment were used: 
• Mack R686ST (8.4 m3 per haul)—4 trucks 
• Cat 963 (2.45 m3 bucket)—track loader 
• D6M XL—track-type tractors 
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Figure 3.12. Earthmoving map on 35th Street project [38] 
Table 3.2. Earthmoving quantities for each ramp at the 35th Street interchange reconstruction project 
Source Ramp A Ramp B Ramp C Ramp D 22^ St. Total Percent 
Earthmoving in site 0 31,501 4,621 7,778 4,768 48,668 33% 
Borrow from Ramp B 18,477 44,243 11,988 1,036 75,744 52% 
From other sites 17,765 4,165 21,930 15% 
Total 36,242 31,501 16,609 12,979 4,768 146,342 100% 
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The condition of the site was excessively muddy and slowed the contractor's 
production rate due to poor site conditions. Figure 3.13 depicts a track loader collecting earth 
to the loading place at a height of 20 feet from the pit. The earthmoving was executed with 
four trucks, one bulldozer, and one track loader. 
An estimation of the cycle time and number of equipment was determined initially to 
calculate the production rate. As a result, the cycle time of loading per hauler varied greatly 
from a range of 138 to 664 seconds with 480% increase, and the number of passes by loader 
ranged from 3 to 9 cycles. 
Figure 3.13. Earthmoving arrangement from Polk Boulevard to 42nd Street 
The difference could have been larger if the idle time of the loader was added to the 
cycle time. The most significant factor for production rate in this project was the soil 
condition in terms of moisture content. The clay became muddy with excessive moisture in 
the early spring season. Thus, delay of the loading process by excessive moisture content 
influenced loading cycle times, and other cycle times became longer because other 
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equipment waited for the completion of the loading cycle. In addition, the actual bucket 
capacity of the loader could not reach a maximum because the mud clung to the inside of the 
bucket, occupying space, thus increasing the number of passes per single haul unit (Figure 
3.14). In practice, the average number of passes was 5.5, whereas the number should have 
been less than 4 for trucks with 8.4 m3 volume under normal conditions of soil with an actual 
bucket size of 2.45 m3. The glue-like consistency of the soil influenced several factors related 
to workability, such as loading time, number of passes, dumping, and spot time by loader. 
Figure 3.14. Amount of soil inside a bucket due to excessive moisture 
The fill factor was approximately over half or less based on the author's observation. 
The Caterpillar Performance Handbook [24] described the fill factor in wet clay as 0.9. 
Therefore, the figure 0.9 was included to estimate production rate. 
The cycle time of loading also varied. The cycle time per bucket observed in the 
second column in Table 3.3 shows a greater loading cycle time than the other values due to a 
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greater frequency of loading and spot time by loader. In the contrast, the difference in 
hauling time was not as great as that for loading time. The range for truck travel time was 
from 38 to 46 minutes for a hauling distance of 20.7 miles, which was caused by the level of 
congestion and the drivers' tendency to speed up. 
Each factor contributed to the low production rate per hauling unit of 56 m3/day (see 
Table 3.3). The addition of more trucks appears to be preferable in the earthmoving project; 
however, the production rate would not be improved under the project because the 
excavation production rate could not reach the amount of earth for hauling. 
Despite a considerable loss of production rate, the reason to construct at a less than 
ideal season (end of February-March) was to secure working days to avoid liquidated 
damages of as much as $1,700 per day of delay. 
The initial contract duration was 90 days, designated to start on March 30th, but the 
actual start day was mid-December. According to the contractor, the production rate for the 
sewer was a mere two precast culverts per day, which is much less than nine pieces per day 
under normal site conditions. 
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Table 3.3. Earthwork productivity for pipe line installation on 42nd Street interchange reconstruction 
No. B.C. (m3) M.F. Start 
Loading 
C.T. 
(sec) 
No. 
of 
passes 
Loading 
C.T. per 
pass 
Spot 
Travel 
Time 
(sec) 
Truck 
D.T. 
(sec) 
Truck 
C.T. 
(min) 
Speed 
(mile/ 
hour) 
P R .  
per unit 
(m3/day) 
Actual 
P R .  
Possible 
P R .  
Bunching 
factor 
1 2.5 0.5 15 415 4 104 55 42.3 70 51 24.5 52 209 288 0.73 
2 2.5 0.6 12 509 9 57 68 45.0 65 55 22.7 48 174 600 0.29 
3 2.5 0.4 19 248 6 41 48 39.0 90 45 27.6 59 212 487 0.44 
4 2.5 0.3 36 212 6 35 43 38.3 82 44 28.3 60 217 500 0.44 
5 2.5 0.3 40 204 4 51 62 40.0 66 45 27.5 59 211 323 0.65 
6 2.5 0.4 51 286 6 48 57 46.0 63 53 23.6 50 181 416 0.44 
7 2.5 0.4 34 309 6 52 55 41.0 74 48 25.9 55 199 457 0.44 
8 2.5 0.2 30 138 3 46 69 39.0 52 43 29.1 62 223 257 0.87 
Ave 2.5 0.4 29.6 290.1 5.5 54.1 57.1 41.3 70.3 47.8 26.2 56 203 415.9 0.53 
2/25/ 
2004 
No of 
trucks 4 
No of 
loaders 1 
Swell 
factor 0.62 
Quantity 
per truck 
load 
4.90 Fill factor 0.90 
Notes: (1) Durations are based on a 10-hr productivity day. (2) Rolling resistance, 1.5%, is assumed based on Caterpillar typical rolling resistance [12]. (3) 
B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, R.R.: rolling resistance, P R.: production rate, E.F.: efficiency factor, C.T.: cycle time, 
D.T.: dump time. (4) P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck load [(15(tons of truck)/1.9(ton/m3, unit 
weight of soil) xswell factor (0.90(CCY)/1.45(LCY))] x 3600 x10(hr)/cycle time. (5) H.D.(round trip) = 20.7 mile. 
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3.5 Earthmoving from stockpile to embankment in place 
The earthmoving project was the best performed project in the loading process 
according to the observations of the author. This demonstrated that the right selection of the 
dump area is vitally important in the preplanning phase. 
The site condition was appropriate to maximize production rate for excavation, when 
the excavator was positioned on the stockpile with a 35°~45° swing angle and the stick was 
vertical when the bucket reached a full load [24]. (See picture 1 in Figure 3.15.) Three kinds 
of equipment were used initially: 
• Mack 310 (8.4 m3 per haul)—2 trucks 
• Cat 320 B (1.9 m3 bucket)—excavator 
• John Deere 280 Series II—skid steer loader 
A loading time of 18 seconds per bucket indicated the work was much faster than in 
previous cases observed, even though it was greater than 13.8 seconds, the cycle time 
presented in Caterpillar Handbook [24]. Included in the loading time are loading bucket, 
dumping bucket, swing loaded, and swing empty. In addition, an average total loading time 
for 6 repetitions indicated the loading process was performed effectively. 
However, the hauling production was significantly lower than the average due to the 
inappropriate selection of dump area. As shown in Table 3.4, the cycle time of the truck was 
32 minutes for a hauling distance of only 2 miles (Figure 3.16). The production rate and 
match factor are illustrated in Table 3.4. 
Photos 3 and 4 in Figure 3.15 depict the condition of the dump area, which was very 
steep and difficult to access for trucks. A skid steer loader was positioned inside the dump 
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area to grade the earth. However, the adverse site condition at the dump area did not allow 
the appropriate filling of the earth volume moved by two trucks. The restricted deposition 
point resulted in poor production rate according to the author's observation. It is depicted in 
photos 2, 3, and 4 in Figure 3.15. Photo 2 depicts the truck waiting for completion of a skid 
steer loader work across the deposition point. 
Figure 3.15. Earthmoving processes at the 42nd Street interchange reconstruction 
project 
Hauling and Dumping by 2 trucks 
Hauling Distance: 1 Mile one way 
FILIBNC? 
SjTANTtt 
Figure 3.16. Earthmoving map of 42nd Street interchange reconstruction [38] 
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Table 3.4. Earthmoving production rate at 42nd Street interchange reconstruction 
No. B.C. (m3) M.F. 
Start 
(Sec) 
Loading 
C.T. 
(Sec) 
No. 
of 
passes 
Loading 
C.T. per 
passes 
Spot 
Travel 
time 
(sec) 
Truck 
dump 
time 
(sec) 
Truck 
cycle 
time 
(min) 
Speed 
(mile/ 
hour) 
Production 
(m3/day) 
Actual 
P R .  
Possible 
P R .  
Bunching 
factor 
1 2.0 0.2 30 139 6 23 38 22 80 26 5 148 296 402 0.74 
2 2.0 0.1 24 99 6 17 45 20 97 24 5 163 327 445 0.74 
3 2.0 0.1 19 73 5 15 32 17 63 20 6 196 391 443 0.88 
4 2.0 0.1 36 73 6 12 34 21 89 25 5 157 313 426 0.74 
5 2.0 0.1 17 87 6 15 42 46 66 49 2 79 158 215 0.74 
6 2.0 0.0 17 95 6 16 36 113 64 116 1 33 67 91 0.74 
7 2.0 0.2 21 114 6 19 33 20 83 23 5 165 330 449 0.74 
8 2.0 0.1 16 106 6 18 33 23 84 27 4 144 288 392 0.74 
9 2.0 0.2 15 122 6 20 45 20 96 24 5 160 319 434 0.74 
10 2.0 0.2 9 149 7 21 55 26 74 30 4 130 259 411 0.63 
11 2.0 0.2 12 98 6 16 32 16 55 19 6 206 413 561 0.74 
12 2.0 0.2 18 112 6 19 47 18 52 21 6 184 368 500 0.74 
Ave 2.0 0.1 20 106 6 18 39 30 75 34 5 147 294 398 0.74 
4/13/ 
2004 
No of 
trucks 2 
No of 
loaders 1 
Swell 
factor 0.73 
Quantity 
per 
truck 
load 
6.45 
Note: (1) Durations are based on a 10-hr productivity day. (2) Rolling resistance, 1.5%, is assumed based on Caterpillar typical rolling resistance [12]. (3) 
B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, R.R.: rolling resistance, P R.: production rate, E.F.: efficiency factor, C.T.: cycle time, 
D.T.: dump time. (4) P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck load [(15(tons of truck)/1.7(ton/m3, unit 
weight of soil)xswell factor (0.95(CCY)/1.30(LCY))]x3600xl0(hr)/cycle time. (5) H.D.(round trip) =2 miles. 
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3.6 Debris Hauling Process 
3.6.1 Debris hauling process at the MLK bridge demolition 
The earthmoving project on the MLK bridge demolition project (concrete girder 
bridge) was performed under conditions in which 1-235 was completely closed to traffic in 
order to allow enough space to execute the demolition. The resources deployed for this 
project were: 
• 14 trucks 
• CAT 972G Series H (2 loaders)—4.2 m3 per bucket 
• Hitachi 200 LC (6 excavators)—0.96 m3 per bucket 
• 3 skid steer loaders 
Six excavators were initially employed for breaking concrete and two wheel loaders for 
loading concrete debris (left picture in Figure 3.17). Two excavators loaded scrap steel after 
concrete debris hauling process. Loading was performed at two places, and trucks waited 
until the loading was completed, thus forming a queue at the right side of the road. 
Figure 3.17. Loading of concrete (left); loading of steel (right) 
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The match factor for the project was 0.73, which was not considered to be under-
resourced because the concrete debris volume was various as the time in the process. In other 
words, the demolition phase could be divided into three phases: (1) start time to demolish of 
1 hour; (2) demolition time of 6 to 7 hours; and (3) finishing time of 1 hour to 2 hours. A 
total number of 14 trucks was fixed at the start of the demolition, because the demolition 
work began at 10:00 p.m. and concluded at 8:00 a.m. From the viewpoint of the contractor, 
they had to employ a truck and driver for the entire night. This ensured continuous operation 
with the inclusion of breaks, loading, hauling, and dumping. The trucks waited until the 
excavator and loaders were filled with an acceptable quantity. Through the use of a fewer 
resources, the contractor was able to reduce the queuing time of trucks. 
The production rate for loading scrapped steel was much less than that for concrete 
(Tables 3.5 and 3.6). Moving these materials was performed with the same equipment at the 
same place. The concrete debris was initially collected instead of scrapped, but the steel was 
stacked within easy reach for immediate removal. The hauling difference between concrete 
and steel was 4 minutes for the same equipment combination and procedure. Table 3.7 shows 
a comparison of these two procedures. The difference ranges from 114% to 325%. The low 
production rate resulted from the hauling and dumping speed, because scrapped steel is 
harder to manage and less safe to haul. These tables provide references for strategic 
preplanning of the demolition process in urban highway reconstruction due to the high 
amount of pavement and structural concrete removal in the 1-235 project. 
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Table 3.5. Concrete debris removal for the MLK bridge construction project 
No B.C. (m3) M.F. Start 
Load 
cycle 
time 
No. 
of 
passes 
Load 
C.T. per 
bucket 
Spot 
Truck 
travel 
time 
(min) 
Truck 
cycle 
time 
(min) 
Speed 
(mile/ 
hour) 
P R .  
(m3/ 
day) 
Possible 
P R .  
Bunching 
factor 
1 4.3 0.9 24 341 6 57 8 35 42 23 858 3540 0.24 
2 4.3 0.8 14 269 6 45 40 32 38 26 950 3921 0.24 
3 4.3 0.4 19 155 5 31 12 47 51 19 706 2429 0.29 
4 4.3 0.6 20 210 5 42 98 34 40 24 898 3090 0.29 
5 4.3 0.5 19 158 6 26 47 35 40 25 915 3776 0.24 
6 4.3 0.7 12 215 5 43 10 32 37 26 972 3345 0.29 
36 4.3 1.0 132 320 5 64 15 30 39 26 937 3224 0.29 
37 4.3 0.5 78 164 4 41 43 32 38 26 964 2653 0.36 
38 4.3 0.8 8 310 7 44 20 40 47 21 774 3730 0.21 
39 4.3 0.7 10 235 4 59 70 32 38 26 954 2626 0.36 
40 4.3 1.0 35 405 6 68 10 37 45 22 802 3175 0.25 
41 4.3 1.0 31 309 7 44 90 29 37 27 985 4742 0.21 
42 4.3 1.1 314 450 6 75 12 33 47 21 770 2858 0.27 
43 4.3 0.5 56 174 1 174 120 33 40 25 912 628 1.00 
Ave 4.3 0.7 35 236 5 51 33 31.8 38 27 976 3166 0.34 
4/3/2004 No of 
trucks 14 
No of 
loaders 2 
Swell 
factor 0.69 
Quantity 
per truck 
load 
4.33 
Notes: (1) Durations are based on a 10-hr productivity day. (2) Rolling resistance, 1.5%, is assumed based on Caterpillar typical rolling resistance [12]. (3) 
B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, R.R.: rolling resistance, P R.: production rate, E.F.: efficiency factor, C.T.: cycle time, 
D.T.: dump time. (4) P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck load [(15(tons of truck)/2.4(ton/m3, unit 
weight of concrete) xswell factor (0.9(CCY)/1.3(LCY))] x3600x 10(hr)/cycle time. (5) H.D.(round trip)=17 miles. 
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Table 3.6. Scrap steel removal production rate at the MLK bridge demolition 
No B.C. (m3) M.F. 
Start 
(sec) 
Load 
cycle 
time 
No. 
of 
passes 
Load 
C.T per 
bucket 
Spot 
Truck 
travel 
time 
(min) 
Truck 
cycle 
time 
(min) 
Speed 
(mile/ 
hour) 
P R .  
(m3/ 
day) 
Possible 
P R .  
Bunching 
factor 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
1.8 
1.4 
1.2 
1.2 
1.1 
1.2 
1.2 
0.8 
34 
73 
120 
79 
205 
60 
250 
100 
618 
588 
440 
443 
427 
484 
535 
470 
155 
118 
147 
111 
142 
81 
107 
157 
40 
50 
40 
10 
120 
25 
10 
110 
26 
36 
32 
31 
32 
38 
37 
59 
39 
50 
44 
41 
46 
49 
52 
72 
25 
20 
23 
24 
22 
20 
19 
14 
222 
176 
199 
210 
189 
177 
168 
121 
1002 
1316 
1055 
1398 
1088 
1919 
1447 
754 
0.22 
0.13 
0.19 
0.15 
0.17 
0.09 
0.12 
0.16 
Ave 4.3 1.2 115 501 127 51 36.4 49 21 222 1002 0.22 
4/3/2004 No of 
trucks 14 
No of 
loaders 
Quantity 
per truck 
load 
0.41 Occupied 
rate 
0.5 
Notes: (1) Durations are based on a 10-hr productivity day. (2) Start is time from finish loading to truck starts; Spot is time for pulling over to be loaded after 
arrival from truck travel time. (3) B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, R.R.: rolling resistance, P R.: production rate, E.F.: 
efficiency factor, C.T.: cycle time, D.T.: dump time. (4) P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck load 
[(15(tons of truck)/7.25(ton/m3, unit weight of soil)xOccupied rate in truck (0.5 assumed)] ><3600x 10(hr)/cycle time. (5) H.D.(round trip) = 17 miles. 
Table 3.7. Comparison between concrete and steel removal 
Item B.C. (m3) M.F. Start 
Load 
cycle 
time 
No. 
of 
passes 
Load 
C.T. per 
bucket 
Spot 
Truck 
haul 
time 
(min) 
Truck cycle 
time 
(min) 
Speed 
(mile/ 
hour) 
P R .  
(m3/ 
day) 
Haul 
distance 
(mile) 
MLK concrete moving 4.3 0.7 35.4 235.5 4.9 51.3 33.0 31.8 37.9 26.6 976.1 17 
MLK steel moving 4.3 1.2 115.1 500.6 4.1 127.0 50.6 36.4 49.0 20.8 17 
Comparison 100% 169% 325% 213% 85% 248% 153% 114% 129% 78% 100% 
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3.6.2 Debris hauling process at the 42nd Street bridge demolition 
The 42nd Street bridge was a steel girder structure. The hauling process for demolition 
debris included hauling concrete, reinforcing steel, and structural steel (girder). Therefore, 
the operation required more space. However, since one lane was open to traffic instead of all 
lanes closed, general operation of the demolition was retarded. The removal of steel girder 
was one of the main causes delaying the entire bridge demolition. Due to the limited area as 
well as simultaneous work, the work resulted in less safe and slower performance. For 
example, automobiles passed adjacent to the loading and hauling area (Figure 3.18). 
The author measured the cycle time of concrete hauling process. The loading cycle 
time and the number of passes were increased in this project compared to MLK Street 
demolition project, and 19th Street bridge demolition. The number of passes was 15 and the 
loading cycle time was 1,435 seconds, or approximately 24 minutes, since a small bucket 
size of 0.4 m3 was used. The production rate decreased to 35 m3/day (Table 3.8), which is 
considerably low. 
Several factors contributed to the reduced production rate in the hauling process: 
• Work space was smaller in comparison to the MLK Street bridge and 19th Street 
bridge demolition projects. 
• Concrete debris was not produced as quickly as needed for continuous truck hauling, 
resulting in truck queuing. 
e The excavation bucket capacity should have been more than one yard3 in this case. 
A wheel loader would likely have been a better alternative for concrete loading. 
Even if five trucks were deployed on-site, only one truck could be used at a time 
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due to a lack of space and reduced quantities of debris due to the need to break the 
concrete. 
• The excavator was shifted to perform other tasks, such as breaking the bridge and 
disassembling the steel. The assignment of an additional excavator would have 
increased productivity. 
.
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Figure 3.18. Hauling process of concrete debris in the 42nd Street project 
Table 3.8. Earthmoving production rate at the 42nd Street demolition site 
No Idle 
time 
B.C. 
(m3) M.F. 
Load 
C.T. 
No. 
of 
passes 
Load 
C.T. 
per 
bucket 
Truck 
hauling 
time 
(min) 
Truck 
cycle 
time 
(min) 
Speed 
(mile/ 
hour) 
P R .  
(m3/ 
day) 
Possible 
P R .  
1 134 0.45 0.2 474 11 43 40 50 16.8 38 38 
2 1,181 0.45 0.0 152 20 8 38 60 14 32 58 
3 862 0.45 0.1 257 15 17 36 55 15 35 48 
Ave 726 0.45 0.1 294 15 23 38 55 15 35 48 
3/10/ No of 1 No of 1 
Shift 
rate to 
others 
0.8 Swell 0.64 
Q per 
truck 
load 2004 trucks loader factor 
Notes: (1) Durations are based on a 10-hr productivity day. (2) Rolling resistance, 1.5%, is assumed based on 
Caterpillar typical rolling resistance [12]. (3) B.C.: bucket capacity, M.F.: match factor, H.D.: hauling distance, 
R.R.: rolling resistance, P R.: production rate, E.F.: efficiency factor, C.T.: cycle time, D.T.: dump time. (4) 
P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck load [(15(tons of 
truck)/2.4(ton/m\ unit weight of soil)xSwell Factor(0.9(CCY)/1.4(LCY)]x3600xl0(hr)/cycle time. (5) 
H.D.(round trip) = 14 miles. 
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3.7 Statistical Analysis of Earthmoving Data in the 1-235 Project 
3.7.1 Explanatory variables used 
The earthmoving data collected from the 1-235 reconstruction project were analyzed 
by using statistical methods to compare with results from site observations. After selecting 
response variables, 10 explanatory variables were scrutinized to determine influencing 
factors for the production rate and bunching factor in urban highway construction. These 
factors would enable a planning engineer to estimate production rates for urban highway 
construction. A summary of the data gathered from selected 1-235 reconstruction projects is 
given in Table 3.9. The elements indicated in the table are as follows: (1) Loading cycle time 
is the period for the loader from the excation pit to load the truck; (2) Loading cycle time per 
bucket is loading cycle time divided by the number of passes; (3) Start time is the time 
between when loader driver honks to inform the truck driver the end of loading and the truck 
starts to travel; (4) Truck dump time is the time between stopping at the depostion point and 
dumping material; (5) Travel time is hauling time for truck to go roundtrip from loading to 
dumping; (6) Spot time is the time for truck to pull near loader once it reaches the site. 
These are the characteristics that the author could obtain through interviews with the 
contractors and site observations. Hauling distance is the number of miles based on odometer 
readings from loading spot to deposition point. Bucket capacity is the volume that a bucket 
can contain (see Caterpillar Handbook for more detail) [24]. Number of passes is the number 
of frll-and-load actions for one loading cycle time. Speed is distance divided by cycle time. 
Truck cycle time is sum of start time, spot time, loading cycle time, travel time, and truck, 
dump time. Match factor, actual productivity, and possible productivity are defined in 
Chapter 2. 
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Table 3.9. Summary variables gathered from selected 1-235 reconstruction projects 
Observed 
Events (time) Characteristics 
Calculated 
characteristics 
(1) Loading cycle time 
(2) Loading cycle time 
per bucket 
(3) Start 
(4) Truck dump time 
(5) Travel time 
(6) Spot 
Hauling distance (mile) 
Bucket capacity (m3) 
Number of passes 
Match factor 
Bunching factor 
Speed (mile/hour) 
Truck cycle time (min) 
Actual productivity 
Possible productivity 
3.7.2 Results and selected equations for the statistical analysis 
Using JMP software (Jump 5.1.1), the author developed a multiple linear regression 
model for production rate per hauling unit according to the estimated results of the analyses. 
In regression modeling for earthmoving production rate, ten variables including several 
interactive variables were selected from the stepwise regression. The interaction variables 
chosen in the model were those that gave the largest correlation. This is based on the 
assumption that those pairs of variables that are independent and have no interaction effect 
[40]. Six variables were removed—start, spot, loading cycle time, loading cycle time per 
bucket, travel time, and truck dump time. Their estimated coefficients were used in the 
multiple linear regression equation to predict production rate per equipment (see Table 3.10). 
Table 3.10 shows the influencing factors and regression equation for production rate 
in earthmoving. The coefficient of determination (R2) of 0.95 illustrates that 95% of the 
variation in the response can be explained by the regression model. The ANOVA table in 
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Figure 3.19 gives the result of a comparison between the multiple regression model with six 
explanatory variables and another model. 
Actual productivity per hauling unit on an urban earthmoving project was derived 
from multiple linear resgression modeling based on estimates in Table 3.10. For example, if 
bucket capacity=2 m3, match factor=0.7, no. of passes=4, hauling distance=5 miles, and 
loading cycle time per bucket=20 seconds, the model provides the actual productivity as 405 
m3. 
Pactual = 791.7(Bucket Capacity (m3))+215.5(Match Factor)-66.7(No. of Passes)-32.4(Hauling 
Distance)-5.9(Loading Cycle Time per Bucket)-37.07(M.FxH.D(mile))-911.8 
Table 3.10. Parameter estimates on production rate per hauling unit 
Term Estimates Std. Error t ratio Pro>|t| Lower 95% Upper 95% 
Intercept -911.799 170.2355 -5.3561 4.34E-06 -1256.4232 -567.17547 
Bucket capacity (m3) 791.7039 106.0678 7.464132 5.84E-09 576.980893 1006.4269 
Match factor 215.5521 59.83965 3.602162 0.000901 94.4130908 336.691155 
No of passes -66.7426 9.516206 -7.01358 2.36E-08 -86.007184 -47.478079 
Loading C.T. per bucket -5.8938 0.982801 -5.99694 5.75E-07 -7.8833775 -3.9042251 
Hauling distance (mile) -32.4294 5.122933 -6.33024 2.01E-07 -42.80021 -22.058538 
Hauling (mile)*match 
factor 37.0721 10.53827 3.517856 0.001146 15.7384934 58.4057024 
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Summary of Fit 
RSquare 0.947518 
RSquare Adj 0.939231 
Root Mean Square Error 50.35988 
Mean of Response 2-5.7368 
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r Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 5 1739912.E 289985 114.3424 
Error 38 96372X 2E3c Prob > F 
C. Total 44 1836284.8 < 0001 
Figure 3.19. Regression modeling plot, R-square, and ANOVA table for production rate 
per hauling unit 
The F ratio (114.34) reveals that the whole regression is significant because the 
statistical F-test indicates significance since /•' > /•' (a; p, n-p-1), F>F (a; 6, 45-6-1) = 2.35 
for a significance level of 0.05. In this case, the root mean square error (RMSE), which 
estimates the standard deviation of random error, is 50.36 (Figure 3.19). 
The coefficient of determination (R2) of 0.96 indicates that 96% of the variation in the 
response is explained by the regression model (Figure 3.20). The F ratio (116.2) reveals that 
the whole regression is significant, because the statistical F-test indicates significance since F 
>F (a:5, 45-5-1) = 2.46 for a significance level of 0.05. In this case, the RMSE is 0.036. 
Table 3.11 shows the influencing factors and regression equation for bunching factor in earth 
hauling. 
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' Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 7 1 0632878 0.151 S&S 116.2010 
Error 37 0.0453665 0.001307 Prob > F 
C. Total 1.111 -3 F - 3 <0001 
Figure 3.20. Predicted plot and ANOVA table for bunching factor in earth hauling 
Table 3.11. Parameter estimates for bunching factor in earth moving 
Terms Estimates Std. Error t ratio Pro>|t| Lower 95% 
Upper 
95% 
Intercept 4.2893 0.3401 12.6126 5.7492E-15 3.6002 4.9783 
Bucket capacity (m3) -1.1997 0.1232 -9.7356 9.4751E-12 -14493 -0.9500 
No. of passes -0.2144 0.0181 -11.8305 3.8808E-14 -0.2511 -0.1777 
Loading C.T. per bucket 
(sec) -0.0295 0.0102 -2.8858 0.0064785 -0.0502 -0.0088 
Hauling distance (mile) 0.0050 0.0010 5.2106 0.00000735 0.0030 0.0069 
Loading C.T. (sec) 0.0020 0.0004 5.1314 0.00000939 0.0012 0.0028 
Spot (sec) 0.0030 0.0006 4.6816 0.00003755 0.0017 0.0043 
Loading C.T. per bucket 
(sec) * B.C. 0.0086 0.0040 2.1682 0.03664996 0.0006 0.0167 
Bunching Factor = -1.20(Bucket Capacity (m3)) + 0.005(Hauling Distance)-0.21 (No. of Passes)+0.002(Loading 
C. T)+0.003(Spot(sec))+0.0086(Loading C. T. per Bucket*B. C.)+4.28 
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Debris hauling at the MLK bridge demolition was also analyzed statistically to 
determine the significant factors and regression model for production rate per hauling 
equipment. R2 of 0.98 illustrates that 98% of the variation in the response is explained by the 
regression model (Figure 3.21 and Table 3.12). 
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Summary of Fit 
RSquare 0.976706 
RSquare Adj 0.975907 
Root Mean Square Error 1.439292 
Mean of Response 69.72047 
Observations (or Sum Wgts} 44 
l 1 1 1 1 1 r~ 
-5 50 55 60 55 70 75 SO 35 90 
"P R per Unit" 
Predicted P<00C1 RSq=0.9S 
RM SE=1.4393 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 5 3613.4643 723.697 349.3464 
Error 33 76.7194 2.072 Prob > F 
C. Total 43 3697.2037 <0001 
Figure 3.21. Production rate of concrete debris hauling by predicted plot 
The F ratio (349.4) reveals that the whole regression is significant. The statistical F-
test indicates significance, sinceF>F (a:7, 43-5-l)=2.43, for a significance level of 0.05. In 
this case, the RMSE is 1.44. Table 3.12 shows the influencing factors and regression 
equation for bunching factor in earth hauling. 
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Table 3.12. Parameter estimates of production rate for concrete debris hauling 
Terms Estimates Std. Error t ratio Pro>|t| Lower 95% 
Upper 
95% 
Intercept 129.0458 3.8483 33.5332 7.76E-30 121.2553 136.8362 
M.F. 12.5179 5.0561 2.4758 0.01786512 2.2823 22.7535 
Start -0.0205 0.0056 -3.6777 0.00072524 -0.0318 -0.0092 
Load cycle time -0.0681 0.0145 -4.6932 0.00003445 -0.0974 -0.0387 
Spot -0.0474 0.0090 -5.2907 0.00000534 -0.0655 -0.0293 
Truck haul time (min) -1.5744 0.1025 -15.3580 6.96E-18 -1.7819 -1.3669 
fadWconcrete (feArw Aaw/mg = 72 Cyc/e 
0.045(Spot)-1.5 7(Truck hauling time(min)) +129.045 
The R2 of 0.99 indicates that 99% of the variation in the response is explained by the 
regression model (Figure 3.22). In this case the RMSE is 0.0127. Table 3.13 shows the 
influencing factors and regression equation for bunching factor in concrete debris hauling. 
Table 3.13. Parameter estimates for bunching factor in concrete debris hauling 
Terms Estimates Std. Error t ratio Pro>|t| 
Lower 
95% 
Upper 
95% 
Intercept 0.8280 0.0258 32.0928 1.30E-28 0.7758 0.8803 
M.F. -0.0147 0.0288 -0.5102 0.6129733 -0.0730 0.0436 
Load cycle time -0.0028 0.0001 -19.8347 2.62E-21 -0.0031 -0.0025 
No. of passes -0.0910 0.0050 -18.2166 4.59E-20 -0.1011 -0.0808 
Load C.T. per bucket 0.0026 0.0002 13.5586 6.29E-16 0.0022 0.0030 
No. of passes * loading cycle 
time 0.0003 0.0000 15.8182 4.77E-18 0.0003 0.0003 
Load C.T. per bucket * M.F. 0.0028 0.0003 8.6614 1.98E-10 0.0022 0.0035 
Bunching Factor = -0.0147(M.F.) - 0.0028(Load Cycle time)-0.09(No. of Passes) 0.0026(Load Cycle time per 
bucket)+0.0003(7Vo. of P asses *Loading Cycle Time))+0.0028((Load C.T. per Bucket*M.F.+0.828 
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Figure 3.22. Bunching factor of concrete debris hauling by predicted plot 
The F ratio (778.83) reveals that the whole regression is significant, because the 
statistical F-test indicates significance since F > F (a: 6, 43-6-1) = 2.35 for a significance 
level of 0.05. 
The author identified variables that influence the production rate and bunching factor 
in urban earthmoving projects. A similar study was conducted for concrete debris hauling 
based on the data gathered at the MLK bridge demolition project. 
Significant factors for production rate per equipment in earthmoving were determined 
using multiple stepwise regression analysis on 10 independent variables as well as several 
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interactive variables. The significant variables would remain in the model, and then 
insignificant ones were removed one at a time. 
Significant variables for concrete debris hauling were also described based on 
multiple stepwise regression analysis and modeling. Match factor, start time, loading cycle 
time, spot, and truck haul time appeared as factors influencing the production rate. Match 
factor, loading cycle time, number of passes, and loading cycle time per bucket appeared as 
influencing factors for bunching as summarized in Table 3.14. 
Table 3.14. Summary of significant variables 
Earthmoving Concrete debris moving 
Production rate 
per unit 
Bunching 
factor 
Production rate 
per unit 
Bunching 
factor 
Significant 
factors Bucket capacity (m
3) Bucket capacity (m3) Match factor Match factor 
Match factor Hauling distance (mile) Start Load cycle time 
No. of passes No. of passes Load cycle time No. of passes 
Hauling distance 
(mile) 
Load cycle time per 
bucket 
Load cycle time 
per bucket 
Load cycle time 
Spot 
Spot 
Truck haul time 
(Min) 
Load cycle time 
per bucket 
The author briefly describes multiple regression modeling for readers who are not 
familiar with it. Fundamental information about multiple regression modeling was already 
demonstrated in Chater 2.1.5. 
The general purpose of multiple regression (the term was first used by Pearson, 1908) 
is to learn more about the relationship between several independent or predictor variables and 
a dependent or criterion variable [36]. 
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The multiple correlation for a regression model is the Pearson correlation between the 
observed y values and the predicted y values. Multiple correlation coefficient, R, also 
denoted in simple regression, is squared to present the coefficient of determination, R2 [40]. 
r2 = TSS - S SE = ^ ( T - F ) 2 - ^ ( Z - Z ) 2  
TSS: Total Sum of Square, S SE: Sum Square Error 
There is a correspondence between the coefficient of determination and the F stastic 
for testing the existence of the model [37, 40]: 
„ Model mean square (n - m -1) R2 . , , , „ „ , . F= = (n: corrected total, m: degree of freedom) 
Mean square error m (1 - R ) 
This model is sometimes too simple to be appropriate, but often there may be 
statistical interaction between variables. For quantitative variables, statistical interaction 
exists when the slope between explanatory valables changes as the levels of the other 
variables change. 
For the modeling used in the chapter, cross-product terms of the explanatory variables 
were used. For example, here is the model for two explanatory valables: 
y, [J>0 f~> IX, I + [J>-Xi2 + /'j.Y 1X2 
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3.8 Features of the Earthmoving Productivity in Urban Interchange Construction 
The earthmoving production rate on the 1-235 reconstruction project was lower in 
comparison to Iowa DOT historic information, which is mostly based on rural highway 
construction. The cause of the low rate was due to the location of 1-235 projects in urban 
areas, which have more restricted working spaces for equipment movement. The projects 
also entailed more utility work, which interrupted the work flow in comparison to rural 
projects. 
Altogether, five earthmoving projects and two concrete debris removal projects were 
observed to ascertain the key features in urban highway earthmoving. As mentioned 
previously, earthmoving projects are generally unpredictable, and productivity varies 
depending on the number and type of equipment assigned as well as site conditions. As 
described in Chapter 2, the production rate is highest when the match factor is equal to 1 after 
bunching is taken into account. 
The match factors previously researched were generally obtained from linear sites, 
such as harbor construction, new main line highway construction, airport construction, etc. 
These construction projects may have less spatial limitations, adequate cut quantity, and less 
bunching; therefore, productivity can be consistent. 
Table 3.15 summarizes the differences in productivity caused by several aspects and 
factors of the project limiting productivity in earthmoving projects. The production rate and 
unit price per m3 are included. Table 3.15 also illustrates the main causes of reduced 
production rate: bunching, poor management, soil property, and partial traffic closure. 
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Table 3.15. Comparison of selected earthmoving projects in 1-235 reconstruction 
Project No of trucks 
No of 
loaders 
Match 
factor 
Bucket 
capacity 
(m3) 
Travel 
distance 
(mile) 
Swell 
factor 
PR.  
(m3/day) 
Cost 
estimated 
Unit price 
per m3 ($) 
Aspect of the 
project that limits 
production 
Polk to 42nd 4 1 0.4 2.45 20.7 0.62 223 2,483 7.9 Soil property 
42nd St. earthmoving 2 1 0.1 2.0 2.0 0.73 294 1,599 6.5 Restricted dumping position 
14th St. earthmoving 2 1 0.7 2.2 0.3 0.76 999 1,598 2.2 Restricted work place 
Earthmoving at 
Ramp B of 42nd St. 10 1 0.6 2 16.0 0.76 896 5,138 5.7 
Access to hauling 
route (highway) 
42nd St. concrete 1 1 0.1 0.45 14.0 0.64 35 837 23.7 One lane open 
MLK concrete 14 2 0.7 4.3 16.5 0.69 976 8,048 8.2 More employed truck 
Steel moving 14 2 1.2 4.3 16.5 0.41 73 8,048 44.0 Difficult loading 
Equipment Truck $ 442.50 Excavator (lm3) $712.70 
Excavator 
(0.4 m3) $ 394.25 
Loader 
(4.3 m3) $ 926.5 
Bulldozer $ 838.95 Skid steer loader $ 320.00 
Sheep 
foot $ 558.70 
Loader 
(2.9 m3) $576 
Notes: (1) Unit price and cost is based on "Heavy Construction Cost Datai3th Annual Edition" [19]. (2) Equipment price is based on per day. Durations are 
based on a 10-hr productivity day. (3) P R. : production rate. (4) P R. per one cycle time is calculated based on the equation, P R. per unit = quantity per truck 
loadx3600 x 10(hr)/cycle time. (5) Unit price might be different than real price, but it is presented for comparison since it was made based on production rate. 
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The production rates observed in Table 3.15 demonstrate that several earthmoving 
factors co-existed and caused significant losses in efficiency in the 1-235 project. Based on 
these, the Iowa State University researchers recommended several methods to improve 
earthmoving efficiency: 
1. Effective use of stockpile: It is possible that hauling distance could be shortened and 
constant. Contractors could also maintain an earth stockpile for use on demand. 
Sometimes stockpile could make the site condition deteriorated (Figure 3.23). 
Therefore, the stockpile should be located in a place where productivity is not 
affected. 
2. Multiple projects: Some earthwork projects in urban areas do not have enough 
production rates for excavation, making it difficult to predict the requirement of 
hauling resources. Several earthmoving projects could be executed simultaneously 
as the contractor could obtain the expected production rate in the earthmoving 
process. 
3. Development of a suitable deposition point before construction: Selecting an 
appropriate deposition point is important for successful completion of an 
earthmoving project. Contractors should consider the area of deposition point in 
terms of production rate, because the deposition point in an urban area is frequently 
restricted by structures near the deposition point. In the 42nd Street earthmoving 
project, the contractor alternated the dumping area to a better location noticeably 
reducing the cycle time. 
4. The less the quantity of earthmoving, the harder to apply match factor. When 
calculating and applying the match factor in urban highway construction, the 
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quantity of cut and fill should be adequate for the earthmoving to be performed. For 
example, if the loading cycle time is high because of a small quantity of earthwork, 
truck queuing time will be greater, as in the case of Polk to 42nd Street pipe line 
construction. In several projects in the 1-235 urban highway construction, the 
author found that maintaining a match factor of 1 through more employment of 
trucks was not worth doing. Since urban highway project have more utility, such 
project was not eligible for application of match factor. 
5. Employment of suitable numbers of equipment. As a methodology to solve the 
problems identified in 3 and 4, the contractor could have employed a smaller 
number of hauling units at the start of the project. This would have enabled them to 
determine required hauling units based on the productivity at the time. 
6. Moist content of soil regarding earthmoving production rate: The moisture content 
of soil is one of the major factors to determine whether a project should be 
continued or halted. Many construction projects in 1-235 reconstruction involved 
silty clay that was more affected by moisture content. The higher the moisture 
content, the more significantly the production rate decreased (Polk to 42nd Street 
pipe line construction). 
7. Shifting work related with match factor: If 0.7 < MF < 1, the earthmoving is 
considered to be well managed and executed in this research. Limit of space, one of 
the features in urban highway construction, should be considered regarding this 
equation because the restricted space often limits additional hauling equipment, 
which would be impractical in such small areas (Figure 3.24). For example, the 
match factor in the 14th Street project was 0.7 even if only little bunching was 
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found and relatively was well performed. This is the reason that one of two trucks 
shifted the hauling operation to compaction. 
8. Statistical analysis for urban highway earthmoving: The statistical analysis of 
selected earthmoving projects in the 1-235 reconstruction (i.e., match factor, start, 
loading cycle time, number of passes, bucket capacity, hauling distance, and truck 
travel time) was used to find significant factors influencing production rate. 
Bunching factor, the actual production rate over the possible production rate, was 
analyzed to determine significant factors for earthmoving process (section 3.7). 
9. Method of data collection for urban highway earthmoving: As mentioned 
previously, earthmoving projects in urban highway construction generally have 
greater restrictions in space and traffic flow. In order to identify significant factor 
regarding production rate, data collection for the earthmoving analyses should be 
performed at a variety of sites or only one site to provide more objective and 
realistic data for statistical analysis. 
10. Effective use of idle time: To improve the earthmoving project, reducing idle time 
should be considered rather than employing more resources. 
Decision making in urban interchange construction projects should be made on a 
case-by-case basis because sites may vary greatly. In the 1-235 reconstruction, the author 
assumed that earthmoving could have been improved if the contractors considered more the 
correlation between the cycle time and equipment resource employment. Consideration of 
site condition was also important in cases where soil consistency and moisture content 
affected the production rate. The amount of equipment should be determined based on 
conditions relevant to work performed at that site. 
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Figure 3.23. Stockpile restricted site space (42nd Street interchange project) 
Figure 3.24. Restricted space affects production rate (5th Street project) 
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CHAPTER 4. SCHEDULING URBAN INTERCHANGE CONSTRUCTON 
In Chapter 3, the researcher determined cause and effect for the relatively low 
earthmoving production rate of urban interchange construction. The lower production rate 
also influenced durations for the urban interchange construction projects. The ISU researcher 
described the reason why duration for urban interchange construction is hard to estimate and 
several methods to improve the construction process to increase the production rate. 
Previous scheduling data were generally base on the contract duration of the project. 
Nevertheless, proper selection of contract durations for the 1-235 urban highway 
reconstruction in Des Moines was a challenging task because the existing database for 
interchange construction was generally based on rural highway construction. In addition, the 
Iowa DOT and related contractors collaborated to determine contract duration and corridor 
schedules in the preconstruction phase. From preliminary stages through completion of the 
reconstruction, ISU researchers developed an as-built schedule during the reconstruction of 
the 35th Street and 42nd Street interchanges to provide actual scheduling information. These 
two project schedules were developed based on site visits, pictures, interviewing with 
inspectors and contractors, daily and weekly reports, pay estimate reports, contractor's 
requests, and price schedules. 
A milestone schedule was developed to provide a conceptual base regarding the entire 
construction duration for each main phase of the reconstruction. A detailed interchange 
construction schedule was also developed to ascertain the logical sequence and duration and 
correlate with other construction activities related to the project. A comparison between the 
as-built schedule and baseline schedule (contractor's original schedule) was drawn to 
document the differences between the initial expectations in preconstruction phase and the 
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real outcome. In addition, a correlation study among the schedules and cost was done to 
ascertain the effect of expedited construction. 
Working days in this thesis was defined as business days or ISU working days, 
Monday through Friday with no exception for rainy days, bad weather days, and holidays. 
Saturdays and Sundays were considered nonworking days. Therefore, working days in this 
study includes weekdays, but not weekends. 
Typical contract duration is defined as the period for completion of the project by the 
contractors under normal working conditions and construction practices. The only difference 
between a non-accelerated contract and an accelerated contract is whether the Iowa DOT 
charges Saturday work or not [27]. Comparison for contract duration (working days), 
working days in the thesis, and calendar days is described in Appendix G. 
4.1 Milestone Schedule for Urban Interchange Reconstruction 
The 35th Street bridge and interchange project was one of largest projects in the 1-235 
reconstruction. The $7.09 million project included bridge replacement ($2.62 M), 
reconstruction of the 35th and 22nd Street interchanges ($3.77 M), a noise wall (0.50 M), and 
a sanitary sewer ($0.20). The prime contractor was Cramer and Associates, Inc. The 
earthmoving subcontractor was Reilly Construction Co., Inc., and paving was done by 
Peterson Contractors, Inc. 
Iowa State University researchers devised two types of milestone schedules. One was 
the input of brief schedule information on a map and the other was a bar chart schedule. As 
shown in Figure 4.1, the construction schedule was divided into five sections, comprising 
four ramps and one bridge. Most of the sections in this project, with the exception of the 
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bridge, were divided into four parts from the main line of 1-235 and 35th Street. The map 
schedule provided a clear visual picture of the geographical information involved in the 
general construction. For example, Ramp D was the shortest; however, it was also the most 
complicated section since retaining wall and noise wall construction were required before 
ramp construction could proceed. Ramp A and C were replacement sections to previous 
construction and included construction of a box culvert. The scheduling map was useful for 
the current observer to make up for insufficient prior information about the construction. 
Thus, a representative was required to provide more precise details. This is similar to 
concept for a 4D CAD (four-dimensional Computer Aided Design) in that the duration and 
two-dimensional information in the scheduling can be described simultaneously. However, 
the scheduling map had limitations in describing the logical sequence as well providing 
resource information regarding activities, which are provided in a detailed schedule. 
The schedule in Figure 4.2 depicts another type of milestone schedule that uses a bar 
chart to depict the significant events in the project. The milestone schedule in this Figure 4.2 
generally provides scheduling information for all sequences in the construction to enable 
those associated with the project to understand, at a glance, the total construction duration of 
each section. The baseline schedule of this project was designed to start in monthly intervals 
in the order of Ramp C-A-B-D. In practice, each ramp construction was started 
simultaneously for efficient earth production. However, the actual sequence was performed 
differently, in the order of Ramp C-A-D-B. 
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Box Culvert (70 m) 
4/17/03 ~ 5/28/03 
(30 days) Ramp A (700 m) 
4/09/03 ~ 9/11/03 
(112 days) 
Ramp C (1,000 m) 
4/2/03 ~ 8/12/03 
f95 davs) 
» 
ou m 
t  ^ 3  -
Bridge 
3/31/03 -11/14/03 
(165 days) 
Ramp D (600 m) 
4/30/03 - 11/18/03 
(145 days) 
Noise Wall (645 m) 
6/16/03 - 11/14/03 
(55 days) 
CIP Retaining Wall (205 m) 
5/12/03 - 8/18/03 
(70 days) 
Ramp B & Loop F (1000 m) 
4/2/03 - 11/27/03 
(172 days) 
Figure 4.1. As-built scheduling of the 42nd Street interchange on 1-235 using a staging map [11] 
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Task tome Actual Duration Start Fmèsh March Apd Way Jut, August Sepfemt October Novetri) 
3/2 MO 4JÎ7 S/2S 6/22 7/20 8/17 9/14 1 0/12 11A 
' 
• Milestone Schedule of 36th Bridge & 
Interchange Project 
174 days Mon 3A1D3 Thu 11/27/03 
7 35th Bridge (274) 165 days Mon3/31fl3 Fri 11/14/03 mm W/M mm m 
Ramp C (430) 95 days Wed 4/2/03 Tue 8/12/03 m 
4 Ramp A (430) 112 days Wed 4/9AB Thu 9/11/03 
5 Ramp B (430) 172 days Wed 4/2/03 Thu 11/27/03 mmmmmimm mm mm mm mm mm 
fi Ramp D (430) 145 days Wed4Z30ti3 Tue 11/18/03 w/mwMWM/m mm ma 
7 Retaining Wall (430) 57 days Fn5/3M3 Mon 8/18/03 tmm mmm 
fi 22nd St Project (430) 70 days Mon 7/7/03 Fn 10/10(03 turn WMW////M m 
A Noise Wall (425) 55 days Mon 6/16/03 Fri 11/14/03 m m m 
10 Sanitoiy S ewer for Noise Wall (283) 39 days Mon 4/28/03 Mon 11/17/03 V//////M '////A 
11 Box Culvert (373) 29 days Thu4/17fl3 Tue 5/27433 w/w/m 
Figure 4.2. Milestone schedule of 35th Street reconstruction project: As-built and 
baseline schedules 
4.2 As-Built Schedule of Urban Interchange Reconstruction 
A baseline schedule was developed and provided to the Iowa State University 
scheduling team by the contractors based on the experiences from previous projects, and a 
preconstruction meeting with the subcontractors. A comparison between the as-built schedule 
and baseline schedule in the thesis shows whether the project is on schedule or not. Thus, 
Iowa State University researchers could provide information whether the construction should 
have been expedited, slowed, or kept the same to complete the project more efficiently in the 
provided contract duration. In practice, the completion of the researched interchange projects 
occurred much later than the expected date established in the baseline schedule by the 
contractors. 
A bar chart was used to provide schedule information rather than CPM (critical path 
method) because the earthmoving project was executed intermittently as needed. A logical 
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sequence and discrete duration would be hard to describe by using CPM. The construction 
duration (Figures 4.3-4.6) was recalculated based on working days since the earthwork was 
not performed continuously. In the general construction phase, the interchange schedules 
were influenced by bridge construction, and each ramp construction schedule affected one 
another because embankment was constructed whenever earth was excavated from Ramp B 
or other sources. 
4.2.1. As-built schedule for the 35th Street interchange reconstruction 
The total duration of Ramp C was 95 days based on business days (ISU working 
days, see Appendix G), which was the shortest duration among the four ramps. The ramp 
construction was performed more intensively since the opening day of the ramp was sooner 
than other ramps. Nevertheless, the total difference of duration between the baseline and as-
built schedule was still 55 days. The concrete piping, earthwork, and asphalt paving created a 
lot of difference in schedule dates, because the activities in the as-built schedule had longer 
duration and discontinuous execution. In contrast, the baseline schedule was developed based 
on continuous and simultaneous execution. 
The 55-day difference resulted from nonworking days and optimistic estimate of 
duration based on previous production rates. In practice, the duration for earthwork, from 
4/16/03 to 7/23/03, included many nonworking days because the quantity of cut and fill was 
balanced by using the earth from the source of earth of Ramp B (Figure 4.3). The actual 
duration was only 22 days, which was 30% of total working days from 4/16/03 to 7/23/03. 
Construction of concrete piping was also started at the beginning of the project; however, it 
was not completed until after the ramp was opened to traffic. 
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The total duration (112 working days) of Ramp A was 70 working days more than the 
42 working days of the baseline schedule (Figure 4.4). The difference in duration between as-
built schedule and baseline schedule resulted from earthwork having a difference of 71 
working days (business days). The durations for other activities did not generally have a 
significant difference. Earthwork, concrete piping, pavement removal, and asphalt paving 
were performed intermittently, which influenced the total duration of the activities (Figure 
4.4). 
The main features in the construction schedule for Ramp A were: 
• Earthwork was performed according to earth balance and the activity is dependent 
on its predecessors, such as pavement removal, concrete piping, and the box 
culvert. 
• Pavement was removed in two phases: (1) north part of the bridge and (2) the 
ramp. 
• Concrete piping had only a small impact on earthwork schedule, while other 
utilities, such as electrical and communication lines, had a larger impact on the 
hand-paving process. 
Ramp A was used as a traffic entrance and detour until Ramp C opened. Therefore, 
removal of Ramp A could not be executed while Ramp C was closed even if the geographical 
stages were placed adjacent to one another. The activities on a critical path were pavement 
removal, earthwork, and paving as depicted in Figure 4.4. 
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Task Name As-built baseline 35th Start Finish baseline Finish | April | May June | July | Augu; 
Mar23 Apr S Apr26 May 13|May 301 Jun 16 | Jul 3 | Jul20 | Au 
1 
~ Ramp C As-built schedule of 
35th St. Interchange Project 
94.5 days 40 days Wed 4/2/03 Tue 8/12/03 Thu 4/3/1)3 Wed 5/28/03 
2 S First Phase 94,5 days 40 days Wed 4/2/03 Tue 8/124)3 Thu 4/3/03 Wed 5/28/03 
Mon 4/7/03 
==s& 
3 Clearing & Grubbing 1 day 3 days Wed 4/2/03 Wed 4/2/03 Thu 4/3/03 I 
i Removal Paving [35th St.) 2 days 2 days Wed 4/2/03 Thu 4/3/03 Mon 4/7/03 Tue 4/8/03 
Sat 4/19/03 
Wed 5/7/03 
Wed 5/28/03 
Fri 5/9/03 
Mon 5/26/03 
Fri 5/16/03 
Fri 5/16/03 
Fri 5/23/03 
Tue 5/20/03 
Fri 5/23/03 
Man 5/26/03 
0 
0 
Removal Paving (Ramp C) Bdays 6 days Mon 5/19/03 Wed 5/28/03 Fri 4,11/03 
m  
S 
5 Concrete Piping [15%) 14 days 9 days Wed 4/18/03 Tue 8/12/03 F ri 4/25/03 g [®i ,.,.E 
7 Box Culvert [Paren 373) 30 days 30 days Thu 4/17/03 Wed 5/28/03 Thu 4/17/03 V/////////////////////M 
S Earthwork [30%) 22 days Ifldays Wed 4/16/03 Wed 7/23/03 Wed 4/16/03 •E3 EE H 
9 El Second Phase 25 days 15 days Mon 6/9fl)3 Sat 7H2B Tue 5/6/03 © © 
10 Subdrain 2 days 4 days Mon 6/23/03 Tue 6/24/0 3 Tue 5/13/03 g  s  
11 Subbase 2 days 4 days Mon 6/9/03 Tue 6/10/03 Tue 5/13/03 
a  
B 
12 Concrete Paving (Machine) 7 days 1-days Wed 6/11/03 Thu 6/19/03 Tue 5/6/03 S  
13 Concrete Paving (Hand) 5 days 5 days F ri 6/20/03 Thu 6/26/03 Tue 5/13/03 
m  
m 
14 Asphalt Paving Bdays 3 days Mon 6/16/03 Mon 7/7/03 Wed 5/21/03 
g 
m.... m 
15 Pavement Marking 1 day 1 day Tue 7/8/03 Tue 7/8/03 Mon 5/26/03 
s  
i 
16 Open Traffic Odays 1 day Sat 7/12/03 Sat 7/12/03 Mon 5/26/03 Man 5/26/03 • 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp C of 35th Street interchange project. (2) % in 
parenthesis is the rate of number of days that work was performed on the activity over total closed time to complete the activity in 
business days. (3) Duration is based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.3. As-built versus baseline schedule for Ramp C of 35th Street interchange reconstruction project 
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Task Name As-hit Baseline As-built Start As-built Firish Baseline Start Baseline 
Finish 
Apr'03 May'03 | Jun '03 Jul 03 | Aug'03 | Sep 0 
30014/1314/2715/11 5/251 6/8 |6G2| 7/6 17/201 8/3 |8fl7|8f3l|9 
1 B Ramp A As-built schedule of 
35th St. Interchange Project 
112 days 42 days Wed mm Fri 9/12/03 Wed 4/16/03 Thu 6/12/03 
2 0 First Phase 100 days 31 days Wed 4/9/03 Tue 8/26/03 Wed 4M 6/03 Wed 5/28/03 
Wed 5/7/03 
Fri 5/9/03 
Wed 5/28/03 
Mon 5/19/03 
Thu 6/1203 
Fri 5/9/03 
Thu 5/15/03 
Fri 5/23/03 
Tue 6/3/03 
Tue 6/10/03 
Wed 6/11/03 
3 Removal Paving IQdays S days Wed 4/9/03 Mon 7/21/03 Fri 4/25/03 
4 Concrete Piping [5%) Bdays 11 days Wed 4/30/03 Mon S/11/03 Fri 4/25/03 Hi j j 
E Box Culvert [Paren 373) 3Qdays 30 days Thu 4/17/03 Wed 5/28/03 Thu 4/17103 : immrnm 
6 Earthwork [50%) 46days 23days Fri 4/18103 Tue 8/26103 Wed 4/16/03 I.E3 a., u 
7 El Second Phase 28 days 25 days Tue 86/03 Fri 9/12/03 Thu 5/8/03 ©= =^s> 
8 Subdrain 2days 2 days Wed 5/13/03 Thu S/14/03 Thu 5/8/03 ! a 
9 Subbase 2days 4 days Tue fi/5/03 Wed 8/5/03 Mon 5/12/03 
1 
a 
10 Concrete Paving (Machine) IQdays 5 days Thu 8/7/03 Wed 8/20/03 Mon 5/19/03 
S 
M 
11 Concrete Paving [Hand) 7 days 7 days Thu 8/21/03 F ri 8/29/03 Mon 5/26/03 m 
12 Asphalt Paving IQdays 3 days Tue 8/12/03 Tue 9/9/03 Wed 6/4/03 
s 
B M 
13 Pavement Marking 2days 1 day Wed 9/10/03 Thu 9/11/03 Wed 6/11/03 
1 
0 
14 Open Traffic Qdays 0 days Fri 9/12/03 Fri 9/12/03 Thu 6/12/03 Thu 6/12/03 • 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp A of 35th Street interchange project. (2) % in 
parenthesis is the rate of number of days that work was performed on the activity over total closed time to complete the activity in 
business days. (3) Duration is based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.4. As-built versus baseline schedule for Ramp A of 35th Street interchange reconstruction project 
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Ramp D was designed to include more structures, such as 645 meters of noise wall 
and 205 meters of cast-in-place retaining wall. Ramp D was more complicated and slower 
than other ramps in earthwork, because the zone was near a residential complex and was 
under other structural construction. This influenced the total duration of the ramp 
construction because the earthwork could not be performed until completion of the retaining 
wall. Earthmoving duration occurred for only 17 days over a period of 5 months. The 
completion time of 29 days for sanitary sewer and 71 days for retaining wall and geo-pier 
construction during the first four months directly influenced the start of Ramp D 
construction. Ramp D was ultimately completed 51 working days later than completion date 
specified on the baseline schedule. 
The number of working days for earthwork and paving were fewer compared to those 
of other structures. Meanwhile, the activities were timely executed to utilize nonworking 
days of Ramp D construction (Figure 4.5). For example, most of the earthwork and paving 
were performed between completion of the cast-in-place retaining wall and precast noise 
wall. Total duration of this ramp was 145 days, which was generally for the duration of 
interchange construction. However, duration for activities related to ramp construction, such 
as clearing and grubbing, removal, utility, earthwork, and paving, was only about 50 days. 
Ramp D was the only ramp in the 35th Street interchange construction in which earthwork 
and paving were not included in the critical path for the sanitary sewer, geo-pier, retaining 
wall, and noise wall. 
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Task Name As-built Baseline As-built Start As-built Finish Baseline Start Baseline 
Finish 
Âpr | May Jun Jul | Aug | Sep Oct Nov 
4/6 |4/27|Sf18|6JB |6/29|7/20|S/10 |S/31 3/21 10/1^11/211 
1 3 Ramp 0 As-built schedule of 35th 
St. Interchange Project 
145 days 94 days Wed 4/30/03 Wed 11/19/03 Wed 4/30/03 Hon 9/5/03 
2 El First Phase 110 days 90 days Mon 5/5/03 Fri 10/3/03 Wed 4/30/03 Mon 9/5/03 
Fri 5/30/03 
Mon 6/30/03 
Mon 6/30/03 
Mon 6/30/03 
Wed 7/30/03 
Fri 5/9/03 
Mon 6/30/03 
Tue6/24/03 
Tue 7/5/03 
Tue 7/5/03 
Wed 7/9/03 
Fri 5/30/03 
Wed 7/30/03 
Mon 5/26/03 
Mon 9/5/03 
<^= 
; & 
: Clearing & Grubbing 2days 3 days Tue 5/13/03 Wed 5/14/03 Wed 5/25/03 1 
I 
4 Removal Paving (Ramp 0. 35th) Sdays 4 days _u e 6/10/0 3 Thu 5/14/03 Wed 6/25/03 1 
1 
a 
Concrete Piping (5%) 9days 9 days Mon 5/5/03 Wed 9/24/03 Wed 6/15/03 R 1 I 1 i 
5 Earthwork (20%) 17days 24 days ~ue 5/13/03 Fri 10/3/03 Wed 5/25/03 0.... ..0 i 3 
7 B Second Phase 145 days 65 days Wed 4/30/03 Wed 11/19/03 Thu 5/1/03 € =^s> 
S Subdrain 1 day 4 days Mon 9/22/03 Mon 9/22/03 Thu 5/5/03 1 
i 
& Subbase 2days 4 days Mon 9/15/03 Tue 9/16/03 Wed 6/25/03 
1 
i 
10 Concrete Paving [Machine) Bdays 5 days Wed 9/17/03 F ri 9/26/0 3 Wed 6/15/03 
i 
11 Concrete Paving [Hand) 3days 10 days Thu 11/13/03 Mon 11/17/03 Wed 6/25/03 s 
12 Asphalt Paving Sdays 6 days Mon 9/15/03 Wed 10/1/0 3 Tue 7/1/03 I.J 
1: Pavement Marking 1 day 1 day Fri 10/10/03 Fri 10/10/03 Wed 7/9/03 
1 
1 
14 Gio Pier for CIP retaining walll 1 + days 22 days Mon 5/12/03 Thu 5/29/03 Thu 5/1/03 
15 CIP Retaining Wall F7 days 45 days Fri 5/30/03 Mon 5/15/03 Mrm 5/26/03 W//M W/M m 
16 Sanitary Sewer (No.483) 29days 19days Wed 4/30/03 Mon 6/9/03 Wed 4/30/03 V/////M f/À 
17 Noise wall (55% Working Days) 55 days 21 days Mon 6/16/03 Wed 11/19/03 Mon 5/11/03 w. ...jm m 
18 Open Traffic 0 days Odays Mon 11/3/03 Mon 11/3/03 Fri 7/11/03 Fri 7/11/D3 » 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp D of 35th Street interchange project. (2) % in 
parenthesis is the rate of number of days that work was performed on the activity over total closed time to complete the activity in 
business days. (3) Duration is based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.5. As-built versus baseline schedule for Ramp D of the 35th Street interchange reconstruction project 
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Ramp B and loop F were constructed over a period of 172 days. This unit was 
completed on 11/27/03, which was slightly after the bridge opened. In fact, the construction 
was performed over the entire duration of the ramp construction although the baseline 
schedule by the contractors indicated the completion to be on 9/29/03. This was about 2 
months later than the expected completion date. As previously described in the cases of the 
Ramp A and C, the duration of earthmoving was the major reason for the delay in the total 
construction (Figure 4.6). 
No activities except earthmoving were started prior to September, 2003, and 
earthmoving was vigorously performed by the contractor. Ramp B was generally used as a 
borrow pit, accordingly designed to be completed during the last phase in order to enable the 
traffic area to remain open. Thus, removal of pavement and paving were expedited in the last 
phase for Ramp B to be completed at the same time as the bridge construction. 
The activities were performed for 27 days, from 10/15/03 to 11/21/03 (Figure 4.6). 
Expedited duration highly contributed to the construction of Ramp B and loop F because the 
size was much larger than that of the other ramps in the 35th Street interchange and the ramp 
construction could start after the earthwork of other ramps was done. 
4.2.2. As-built schedule for the 42nd Street interchange reconstruction 
Iowa State University researchers developed an as-built schedule for the 42nd Street 
bridge and interchange project to draw comparisons with the results of the 35th Street 
interchange. The schedule also served as a case study to examine the expedited construction 
through comparison with the previously completed 35th Street project. 
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Task Name As-built Baseline As-built Start As-tuilt Finish Baseline Start Baseline 
Finish 
Marc! April | May | June July | Augu; Sept: Octokj Nove| C 
3/2 | 3/30 | 4/27 15/2F 6/22 | 7/20 S/171 9/14 |10/12 11/9 
1 E Ramp B As-built schedule of 35th 
St. Interchange Project 
172 days 56 days Wed 4/2/03 Thu 11/27/03 Mon 6/2/03 Mon 9/29/03 
2 S First Phase 172 days GO days Wed 4/2/03 Thu 11/27/03 Mon 6/2/03 Fri 5/22/03 =^s 
3 Clearing & Grubbing 1 day 3 days Wed 4/2/03 Wed 4/2/03 Mon 6/2/03 Tue 6/3/03 
i 
4 Removal Paving (Ramp B 35th) 4 days 4 days Thu 10/2/03 Tue 10/7/03 Mon 6/9/03 Sat 6/14/03 
i 
a 
Concrete Piping 4 days 4 days F ri 10/10/03 Wed 10/15/03 Mon 6/23/03 Thu 6/26/03 
i 
0 
6 Earthwork [30%) 50 days 50 days Mon -.'14/03 Thu 11/27/03 Mon 6/16/03 Fri S/22/03 w SEL s a .m. 0 
7 B Second Phase 25 days 26 days Wed 10/15/01 Mon 11/24/03 Mon S/25/03 Mon 9/29/03 ÇF= 
S Subdrain 1 day 1 day Mon 11/10/03 Mon 11/10/03 Mon S/25/03 Mon S/25/03 
i 
1 
9 Subbase 4 days 4 days Wed 10/15/03 Tue 10/25/03 Mon S/25/03 Wed S/27/03 
, 
i l  
10 Concrete Paving (Machine) 10 days 4 days F ri 10/17/03 Fri 11/7/03 Fri S/29/03 Fri 9/5/03 a. a 
11 Concrete Paving (Hand) 4 days 4 days Thu 10/30/03 Tue 11/11/03 Mon 9/5/03 Fri 9/12/03 
i 
j  
12 Asphalt Paving 6 days 5 days Wed 10/22/03 Thu 11/13/03 Mon 9/15/03 Mon 9/22/03 
i 
i .  j 
13 Pavement Marking 1 day 1 day F ri 11/21/03 Fri 11/21/03 Mon 9/29/03 Mon 9/29/03 i 
14 Open Traffic 0 days 0 days Mon 11/24/03 Mon 11/24/03 Mon 9/1/03 Mon 9/1/03 • 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp B of 35th Street interchange project. (2) % in 
parenthesis is the rate of number of days that work was performed on the activity over total closed time to complete the activity in 
business days. (3) Duration is based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.6. As-built versus baseline schedule for Ramp B and loop F of the 35th Street interchange reconstruction project 
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The contract price for the 42nd Street bridge and interchange project was $5,757,067 
according to the letting result on 11/18/03. The cost included $1.76 million for the bridge, 
$0.3 million for the traffic signals, and $3.69 million for the interchange. The cost of the 
interchange was almost the same as the 35th Street interchange construction ($3.76 million). 
The contract duration of the 42nd Street project was 95 days, whereas that of 35th 
Street in West Des Moines was 130 days (4/2/03 to 11/27/03). The overall size of the 35th 
Street in West Des Moines project was larger than 42nd Street. As described in Chapter 3, 
earthmoving in the 35th Street project in West Des Moines was executed effectively during 
the maximum contract duration of 129 out of 130 days. However, the 42nd Street interchange 
required a greater quantity of utility installation, which affected the project duration. In 
addition, a change order of the utility design affected the total duration due to conflicts with 
the structure; this took two weeks. 
The earthmoving method for the 42nd Street project was utilized differently from that 
of 35th Street WDsM. The contractor of the latter project scheduled earthmoving work 
according to a balance of cut and fill. In contrast, the contractor of the 42nd Street project 
utilized the north side of stockpile as a source of earth, which greatly reduced the duration. 
The stockpile was located on the Ramp C and was from excavated volume of Ramp A, which 
was adjacent to Ramp C (Figures 4.7 and 4.8). 
There were two construction phases in the schedule for Ramps D and A, followed by 
Ramps C and B. This schedule was compared with the baseline schedule based on the result 
of a preconstruction meeting among prime contractor and subcontractors. The completion of 
the four ramps was done in the order of D-A-C-B. 
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Figure 4.7. Stockpile on Ramp C of 42nd Street project 
^ Ramp A (350 m) 
fo 2/24/04-8/3/04 
l (119 days) 
Ramp D (400 m) 
3/23/04-7/29/04 
(96 days) 
Ramp C (400 m) 
2/24/04-9/15/04 
(150 days) 
Ramp B & Loop F 
(700 m) 2/24/04-
9/16/04 (151 days) 
Stockpile 
Figure 4.8. Scheduling map for the 42nd Street interchange reconstruction project and 
stage of stockpile [8] 
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The completion of the four ramps was done within the schedule. Ramp D was 
completed in 96 working days. On the other hand, the duration of the baseline schedule was 
33 working days, making a difference of 63 working days (Figure 4.9). The duration of each 
activity was generally the same as the baseline schedule, but the activities of baseline 
schedule were compressed, resulting in a difference of approximately 25 working days. The 
remaining 41 days of difference resulted from pavement marking, which could not be 
executed until 7/29/04 due to the delay of the mainline paving of 42nd Street (Figure 4.9). 
The as-built schedules of Ramp A, C, and B (Figures 4.10-4.12) had much different 
total durations than the baseline schedule for the 42nd Street interchange project. The total 
durations are greater than those of baseline schedule, which are 79 days, 110 days, and 68 
days, respectively. The reason for the increased construction duration was basically due to 
the removal of old and installation of new utility lines. The baseline schedule shows that the 
contractor did not expect the influence of removal of pavement and utility on the construction 
duration. Concrete paving could not start until completion of the utility lines. 
The two baseline schedules (Figures 4.9 and 4.10) demonstrate that the estimated 
duration of each activity was very similar to that of the as-built schedule, but the higher level 
of compression for the schedule resulted in a lot of difference with the actual completion 
date. Even if the baseline schedules were based on the historical production rate and 
experience, continuous progress of work and compressing the entire activities were difficult 
for contractors to achieve due to delays from several sources, such as cost increase by 
reduction of production rate, conflicts with the building of other structures, and so on. 
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Task Name Duration Baseline 42nd Étant 42nd Finish Baseline Baseiin 
Finish 
| Apr May Jun | Jul A 
3/1613/2S | 4/9 4/211 5/3 15/1515/271 6IB 16/201 7/2 17/1417/26 
1 
- GRADE & REPLACE (42nd St. DsM 
Ramp D) 
96 days 33 days T ue 3V23j'04 Thu 7/29/04 Tue 3/23/04 Thu 5/6/04 
2 El First phase 33 days 24 days T ue 3V23j'04 Thu 5/6/O4 Tue 3/23/04 Fri 4/23/04 
3 Clearing and Grubbing 1 day 3 days Tue 3/23/04 Tue 3/23/04 Tue 3/23/04 Thu 3/25/04 I 
; Removal 4 days 2 days Fri 3/26/04 Wed 3/31/04 Fri 3/26/04 Mon 3/29/04 w 
Underground 15 days 20 days Mon 3/29/04 Tue 5/4/04 Wed 3/31/04 Fri 4/23/04 B „m E % 
5 Excavation and Subgrading 14 days 15 days Mon 4/19/04 Thu 5/6/04 Mon 3/29/04 Fri 4/16/04 m m 
7 0 Second phase 63 days 14 days Fri 5/7/04 Thu 7/29/04 Mon 4/19/04 Thu 5/6/O4 o !* 
S Subbase 1 day 2 days Fri 5/7/04 Fri 5/7/04 Mon 4/19/04 Tue 4/20/04 
i 
i 
9 Subdrain 1 day 1 day Tue 5/11/04 Tue 5/11/04 Tue 4/20/04 Tue 4/20/04 
i 
i 
10 Trimming 1 day 1 day Thu 5/20/04 Thu 5/20/04 Wed 4/21/04 Wed 4/21/04 
i 
i 
11 Concrete Paving (Machine Paving) 13 days S days Fri 5/21/04 Fri 6/4/04 Wed 4/21/04 Fri 4/30/04 m % 
12 Concrete Paving (Hand Paving) 10 days 6 days Thu 5/27/04 Tue 6/5/04 Mon 4/26/04 Mon 5/3/04 
13 Asphalt Paving 3 days 3 days Mon G/7/04 Wed 6/9/04 Mon 5/3/04 Wed 5/5/04 
i 
B 
14 Pavement Marking 1 day 1 day Thu 7/29/04 Thu 7/29/04 Thu 5/6/04 Thu 5/6/04 
i 
1 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp D of 42nd Street interchange project. (2) Duration is 
based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.9. As-built versus baseline schedule for Ramp D in the 42nd St. interchange reconstruction project 
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Task Name 42nd 
As-built 
Baseline 42nd Start 42nd Finish Baseline Start Baseline 
Finish 
| Mar | Apr | May Jun | Jul | Aui 
2/15/041 3/11/041 4/5/04 | 4/30/0 41 5/25/0 416/19/0 41 7/14/0 41 S 
1 3 GRADE & REPLACE (42nd St. DsM 
Ramp A) 
1119 days 40 days T lie 2/24/04 Tue S/3/04 Mon 3/29/04 Fri 5/21/04 
2 
- First phase 106 days 35 days T ue 2/24/04 Mon 7/19/04 Mon 3/29/04 Fri 5/14'04 
Mon 3/29/04 
Fri 4/2/04 
Fri 5/14/04 
Fri 5/7/04 
Fri 5/21/04 
Mon 4/26/04 
Fri 4/23/04 
Fri 4/30/04 
Fri 5/14/04 
Fri 5/14/04 
Wed 5/19/04 
Or 
3 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Mon 3/29/04 I 
I 
4 Removals 11 days 3days Tue 3/30/04 Wed 7/14/04 Wed 3/31/04 I y i m.,\ 
Underground 21 days 25 days Wed 4/21/04 Mon 7/19/04 Mon 4/5/04 0 M 0 • i B m. m 
6 Excavation and Subgrading Bdays 30 days Hon 4/19/04 Mon 5/10/04 Mon 3/29/04 a,. m 
7 3 Second phase 46 days 21 days Tue 6/1/04 T ue S/3/04 Fri 4/23/04 É> 
S Subbase 2days 1 day Mon 6/7/04 Tue5/B/04 Mon 4/26/04 
i 
0 
9 Subdrain 1 day 1 day Mon 6/14/04 Mon 6/14/04 Fri 4/23/04 
i 
1 
10 Trimming 1 day 1 day Mon 7/19/04 Mon 7/19/04 Fri 4/30/04 i 
11 Concrete Paving [Machine Paving) 10 days 10 days Tue5/1/04 Wed 7/21/04 Mon 5/3/04 
m 
s M 
12 Concrete Paving [Hand Paving) Bdays Bdays Mon 7/26/04 Tue 8/3/04 Mon 5/10/04 
i 
8 3 
13 Asphalt Paving 2 days 3 days Thu 7/22/04 Fri 7/23/04 Mon 5/17/04 
i 
0 
14 Pavement Marking 1 day 2days Thu 7/29/04 Thu 7/29/04 Thu 5/20/04 Fri 5/21/04 
i 
1 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp A of 42nd Street interchange project. (2) Duration is 
based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.10. As-built versus baseline schedule for Ramp A in the 42nd St. interchange reconstruction project 
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Task Name 42nd 
As-built 
Baseline 42nd Start 42nd Finish Baseline Start Baseline 
Finish 
;t | Mar | Apr May Jun Jul Aug | Sep.! 
713 |2K7|3f16| 4/3 |4/211 5/9 |5/27|6/14| 7/2 |7/2O| W |B/25 9/ 
1 3 GRADE & REPLACE (42nd St. DsM 
Ramp C} 
150 days 40 days T ue 2/24/04 Wed 9/15/04 Mon 1/29/04 Fri 5/21/04 
Fri 5/14'04 2 
- First phase 1119 days 35 days T ue 2/24/04 Tue 8/1/04 Mon 1/29/04 '» 
3 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Mon 3/29/04 Mon 3/29/0-
Fri 4/2/04 
Fri 5/14/04 
Fri 5/7/04 
Fri 5/21/04 
Mon 4/26/04 
Fri 4/23/04 
Fri 4/30/04 
Fri 5/14/04 
Fri 5/14/04 
Wed 5/19/04 
Fri 5/21/04 
I 
I 
4 Removal 15 days 3 days Mon 3/6/04 Fri 7/30/04 Wed 3/31/04 i  0 
i 0 
5 Underground 24 days 25 days Thu 3/4/04 Wed 7/21/04 Mon 4/5/04 I, el. I -m 
6 Excavation and Subgrading 15 days 30 days Tue 6/29/04 Tue 8/3/04 Mon 3/29/04 g  m  3 
7 3 Second phase 31 days 21 days Mon S/2/04 Wed 9/15/04 Fri 4/23/04 S % —m 
S Subbase 1 day 1 day Wed S/4/04 Wed S/4/04 Mon 4/26/04 i  
1 
9 Subdrain 1 day 1 day Mon S/2/04 Mon S/2/04 Fri 4/23/04 i  
1 
10 Trimming 1 day 1 day Fri S/6/04 Fri S/6/04 Fri 4/30/04 1 
11 Concrete Paving (Machine Paving) 17 days 10 days Mon S/9/04 Tue 8/31/04 Mon 5/3/04 = 
12 Concrete Paving (Hand Paving) 5 days 5 days Mon 6/30/04 Fri 9/3/04 Mon 5/10/04 
i 
] 
13 Asphalt Paving 6 days 3 days Mon 6/30/04 Mon 9/6/04 Mon 5/17/04 
i 
g 
14 Pavement Marking 1 day 2 days Wed 9/6/04 Wed 9/8/04 Thu 5/20/04 i  
i  
15 Grinding 4 days 2 days Thu 9/9/04 Wed 9/15/04 Thu 5/20/04 Fri 5/21/04 i  
n  
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp C of 42nd Street interchange project. (2) Duration is 
based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.11. As-built versus baseline schedule for Ramp C in the 42nd St. interchange reconstruction project 
94 
Task Name 42nd As-built Baseline 42nd Start 42nd Finish Baseline Start Baseline 
Finish 
: | Mar | Apr | May Jun Jul 
2/151 3/7 1312814/18 | 5/9 | S/30 15/20 | 7/11 
Aug Sep J 
8/1 8/2219/ 
1 B GRADE & REPLACE (42nd St. DsM 
Ramp B) 
151 days 53 days T ue 2/24/04 Thu 9/16/04 Mon 3/29/04 Wed 7/7/04 
Tue 6/15/04 
Mon 3/29/04 
Fri 4/9/04 
Tue 6/15/04 
Thu 6/10/04 
Fri 7/9/04 
Wed 5/9/04 
Tue5/S/04 
Fri 6/11/04 
Mon 6/2S/04 
Tue 7/6/04 
Fri 7/2/04 
Wed 7/7/04 
2 
- First phase 122 days 57 days T ue 2/24/04 Fri 8/5/04 Mon 3/29/04 & 40 
3 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Hon 3/29/04 I 
I 
4 Removal 13 days 7 days Mon 3/8/04 Thu S/5/04 Thu 4/1/04 I.L.Jl.l 3 
E Underground 13 days 22 days Thu 4/8/04 Fri 8/5/04 Mon 5/17/04 i 
gj"* 
a 
6 Excavation and Subgrading 10 days 25days Wed 7/14/04 FriS/5/04 Mon 5/10/04 m., 0 
7 3 Second phase 39 days 23 days Hon 7/26/04 Thu 9/16/04 Wed 5/9/04 »• 
B Subbase 2 days 1 day Thu 7/29/04 F ri 7/30/04 Wed 5/9/04 
I 
I 
B Subdrain 1 day 1 day Tue 7/27/04 Tue 7/27/04 Tue5/S/04 
I 
I 
10 Trimming 2 days 1 day Hon 8/2/04 Tue 8/3/04 Fri 6/11/04 
I 
g 
11 Concrete Paving (Machine Paving) 20 days 12days Mon 7/25/04 Wed 9M/04 Fri 6/11/04 0 
12 Concrete Paving (Hand Paving) Bdays Bdays Mon S/15/04 Wed 9M/04 Mon 7/5/04 
I 
B..Ë 
13 Asphalt Paving 10 days 3 days Wed S/25/04 Tue 9/7/04 Wed 6/30/04 
! 
E % 
14 Pavement Marking 2 days 1 day Tue 9/7/04 Wed 9/8/04 Wed 7/7/04 
I 
i 
1E Grinding 2days 2days Frith/10/04 Thu A/15/04 Thu 7/B/04 Fri 7/9/04 
I 
II 
Notes: (1) The baseline schedule (lined bar) and the as-built schedule (solid bar) for Ramp B of 42nd Street interchange project. (2) Duration is 
based on working days including Monday through Friday, rain day, bad weather, and holiday. 
Figure 4.12. As-built vs. baseline schedule of Ramp B of 42nd St. interchange reconstruction project 
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The interchange construction of the project was originally scheduled to be completed 
at the beginning of July. However, the contractor was not required to complete it until 
September because of the contract duration. The earthwork contractor did not generally 
employ more than one crew of equipment for the interchange construction project. Therefore, 
this construction was not considered as expedited construction even if the construction 
involved more expedited duration than the 35th Street interchange. 
4.3 Scheduling for Expedited Interchange Reconstruction 
Iowa State University researchers described two project schedules for the interchange 
construction to illustrate actual duration, logical sequence, work tendency, and the difference 
between the baseline schedule and the as-built schedule. This chapter introduces the degree 
of expediting through comparison of these two project schedules and explains the method for 
the development of an expedited construction schedule. 
The general information for these two projects is provided in Table 4.1. The contract 
prices were similar even though the 35th Street project in West Des Moines was larger than 
the 42nd Street project in Des Moines. This is due to the amount of utility work on 42nd Street 
being greater. Similar contract prices for different project sizes were assumed to originate 
from different contract durations and the amount of utility work. The following four 
schedules provide evidence that the 42nd Street project was expedited more in comparison to 
the 35th Street West Des Moines project. 
The milestone schedule (Figure 4.13) illustrates the total duration of these two 
projects. The total duration of 151 and 172 days included some nonworking days, such as 
rainy days, holidays, and delayed days by change orders. In other words, the duration 
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Table 4.1. Comparison between 35th St. and 42nd St. project 
Category Unit 35th St. project 42nd St. project 
Contract price Million $7.09 $5.76 
Interchange cost Million $176 $169 
Bridge and other Million $133 $2.07 
Contract period for interchange reconstruction Day 130 95 (Iowa DOT working days) 
Size of bridge (PC beam) M2 73.75x28.8 66.05x16.02 
CL 10 EXCAVATION RDWY+BORROW M3 144,402 12,266 
MODIFIED SUBBASE M3 5,911 3490 
STD/S-F PCC PAV'T CL C CL 3 300 MM M2 11,266 6,472 
HMA (10M ESAL) BASE, 25 MM MG 5,496 
HMA (10M ESAL) INTERMEDIATE, 19 MM MG 2,217 457 
HMA (30M ESAL) SURF, 19 MM, FRIC L-2 MG 2,090 775 
CONC 100D RDWY PIPE CULV 1800 MM M 57.3 
CONC 100D STORM SWR 450 MM M 183 2,159 
STONE COLUMN PIERS M 2,866 
MSE WALL M2 1,417 
included working days from Monday to Friday, and the durations were 30% greater than the 
intended contract duration in working days. 
This milestone schedule also illustrates a method to expedite the 42nd Street 
interchange project. As a background to this schedule, culvert installation and sewer piping 
from Polk to 42nd Street Ramp C were started three months before the specified start date of 
3/1/04 in the project. These three months were not included in the contract duration, but this 
would be at a premium cost for the contractor. This is an example of expedited construction 
in the initial phase. However, as-built schedule for this project did not reflect the duration 
because the construction document regarding the duration was not provided. 
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Task Nam; 42nd St. 35th St. 42nd start Finish 35th Start Finish | Mar | May | Jul | Sep | Nov 
2T15|3ff |3G8|4/18|5H 5/30|6G0|7/1l| 8/1 18/2219/12| 10/3|l0/241AM125| 
1 
- Milestone Schedule 
of 42nd & 35th Bridge 
S interchange Project 
151 
days 
174 
days 
Fri 
2/27/04 
Fri 
9/24/04 
Mon 
3/31/03 
Thu 
11/27/03 
2 Bridge 93 
days 
165 
days 
Wed 
3/24/04 
Fri 
7/30/04 
Mon 
3/29/04 
Fri 
11/12/04 
« 
: Ramp C 150 
days 
95 
days 
Fri 
2/27/04 
Thu 
9/23/04 
Fri 
4/2/04 
Thu 
8/12/04 
I * 
- Ramp 0 94 
days 
145 
days 
Tue 
3/23/04 
Fn 
7/30/04 
Thu 
4/29/04 
Thu 
11/18/04 
mm; mm 
Ramp A 119 
days 
112 
days 
Fri 
2/27/04 
Wed 
8/11/04 
Fri 
4/9/04 
Fri 
9/10/04 
I 
I 5 Ramp B 151 
days 
172 
days 
Fri 
2/27/04 
Fri 
9/24/04 
Fri 
4/2/04 
Mon 
11/29/04 
* 
Notes: (1) The 42nd Street project (lined bar) and the 35th Street West Des Moines project (solid bar). 
(2) Duration is based on working days including Monday through Friday, rain day, bad 
weather, and holiday. 
Figure 4.13. Milestone schedule for the 42nd and 35th Street interchange reconstruction 
projects 
The project schedules for 42nd Street in Des Moines and the 35th Street West Des 
Moines were compared to find out specific activities to be more expedited. The rectangles in 
the bar chart (Figures 4.14-4.17) highlight the expedited parts of the 42nd Street and 35th 
Street projects. These four schedules demonstrated that efforts to expedite construction, such 
as continuously working and compressing, occurred at the last phase. The stages for 
expediting in the earthwork phase were concrete piping, excavation, and subgrade. Expedited 
construction also appeared in the paving process, which was the last step of the interchange 
construction. Most ramp construction was included in the expedited phase, where different 
crew sizes had to be utilized for the equipment. Figure 4.17 illustrates how the projects were 
expedited to complete within the contract duration, because the completion of Ramp B was 
the last task. 
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Evidence for expedited construction in these two constructions appears in the 
schedules (Figures 4.14-4.17). However, simultaneous work at different ramps which could 
be typically known as expedited construction did not occur based on the author's observation 
and construction documents. These two projects were completed within the construction 
duration provided by Iowa DOT. According to the author's research, the projects could have 
been completed sooner if Iowa DOT needed to expedite the projects with the condition of no 
premium cost. 
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Task Name 35th 42nd 35th Start 35th Finish 42nd Start 42nd Finish Mar Apr May Jun Jul Aug Sep Oct Nov 
2/29 3/2S 4/25 5/23 6/20 7/1S S/1 :• 9/1 i I 10/1 ( 11 
1 • Ramp D As-built schedule of 
35th St. & 42nd St. Project 
141 days 96 days Wed 5/5/04 Wed 11/17/04 Tue 3/23/04 Thu 7/29/04 
2 " First Phase 110 days 33 days Wed 5/5/04 Tue 10/5/04 Tue 3/23/04 Thu 5/6/04 £F= IS) 
3 Clearing & Grubbing 2 days 1 day Thu 5/13/04 Fri 5/14/04 Tue 3/23/04 Tue 3/23/04 
I 
I 
; Removal Paving S days -days Thu 6/10/04 Mon 5/16/04 Fri 3/26/04 Wed 3/31/04 
1 ' 
,M \ 
5 Concrete Piping 9 days 15days Wed 5/5/04 Fri 9/24/04 Mon 3/29/04 Tue 5/4/04 
I B S  
1 LL L 
' 
5 Excavation and Subgrading 17 days 14 days Thu 5/13/04 Tue 10/5/04 Mon 4/1904 Thu 5/6/04 EL. ,0.... | a 
7 
- Second Phase 46 days 63 days Wed 9/15/04 Wed 11/17/04 Tue 5/11/04 Thu 7/29/04 tâF= =<8S 
S Subdrain 1 day 1 day Wed 9/22/04 Wed 9/22/04 Tue 5/11/04 Tue 5/11/04 
1 
I 
9 Subbase 2 days 1 day Wed 9/15/04 Thu 9/16/04 Fri 5/7/04 Fri 5/7/04 | a 
10 Concrete Paving (Machine) S days 13 days Fri 9/17/04 Tue 9/2E/04 Fri 5/21/04 F ri 6/4/04 m 
11 Concrete Paving [Hand) 3 days 10 days Sat 11/13/04 Wed 11/17/04 Thu 5/27/04 Tue 6/8/04 0 
12 Asphalt Paving Bdays 3 days Wed 9/15/04 Fri 10/1/04 Mon 6/7/04 Wed 6/9/04 ! S..J 
1: Pavement Marking 1 day 1 day Mon 10/11/04 Mon 10/11/04 Thu 7/29/04 Thu 7/29/04 
' 
Figure 4.14. Comparison of the as-built schedule for the 42nd Street Ramp D (solid bar) and 35th Street Ramp D (lined bar) 
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Task Name 35th St. 42nd St. 35th Start Finish 42nd Start Finish Apr | May Jun | Jul Aug | Sep 
3/28 4/11 4/25 5/9 5/23 6/6 6/2( 7/4 7/18 3/1 3/15 S/29 9/ 
1 3 Ramp A As-built schedule of 
35th St. & 42nd St. Project 
112 days 119 days Fri 4.'9.'04 Mon 9/13/04 Tue 2/24/04 Tue 8/3/04 
2 B First Phase 99 days 108 days Fri 4/9/04 Wed 8/25/04 Tue 2/24/04 Mon 7/19/04 i 1 i—© 
3 Removal Paving 10 days 11 days Fri 4/9/04 Wed 7/21/04 Tue 3/30/04 Wed 7/14/04 0 m 
I .m. 4 Concrete Piping Bdays 21 days Thu 4/29/04 Tue 8/10/04 Wed 4/21/04 Mon 7/19/04 
g 
,1 
5 Box Culvert 30 days Odays Mon 4/19/04 Fri 5/28/04 NA NA W///M W//A 
\m 
i i 
L, S Excavation and Subgrading 46 days 7 days Mon 4/19/04 Wed 8/25/04 Mon w'19/04 Mon 5/10/04 • m# 1 M..S 
7 0 Second Phase 25 days 46 days Thu 8/5/04 Mon 9/13/04 Tue 6/1/04 Tue 8/3/04 
0 
m 
S Su bd rain 2 days 1 day Fri 8/13/04 Mon 8/16/04 Mon 6/14/04 Mon 6/14/04 
1 
9 Subbase 2 days 2 days Thu 8/5/04 F ri 8/6/04 Mon 6/7/04 Tue 6/8/04 
I 
E 
0 Concrete Paving (Machine) 10days 13 days Mon 8/9/04 Fri S/20/04 Tue 6/1/04 Wed 7/21/04 
s 
1 Concrete Paving (Hand) 7 days Bdays Mon 8/23/04 Tue 8/31/04 Mon 7/26/04 Tue 8/3/04 w 
2 Asphalt Paving todays 3 days Thu 8/12/04 Thu 9/9/04 Thu 7/22/04 Fri 7/23/04 
i 
i m 
3 Pavement Marking 2 days 2 days Fri 9/10/04 Mon 9/13/04 Thu 7/29/04 Thu 7/29/04 
i 
0 
4 Open Traffic Odays Odays Mon 9/13/04 Mon 9/13/04 Mon 8/30/04 Mon 8/30/04 • 
Figure 4.15. Comparison of the as-built schedule for the 42nd Street Ramp A (solid bar) and 35th Street Ramp A (lined bar) 
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Task Harms 35th 42nd 35th Start Finish 42nd Start Finish 14 | Apr 04 | May '04 | Jun 04 Jul'04 | Aug "04 | Se; 
3/161 3/31 | 4/1514/30 | 5/151 5/30 16/1416/291 7/1 i 7/29 8/13 | 3/28 
1 E Ramp C As-built schedule of 
35th St. & 42nd St. Project 
94.5 days 136 days Fri 4/2/04 Thu 8/12/04 Fri 3/5/04 Fri 9/10/04 
2 El First Phase 94.5 days 108 days Fri 4/2/04 Thu 8/12/04 Fri 3/5/04 T ue 8/3/04 
3 Clearing & Grubbing 1 day 1 day Fri 4/2/04 Fri 4/2/04 Fri 3/5/04 Fri 3/5/04 1 
4 Removal Paving 2days 15days Fri 4/2/04 Mon 4/5/04 Mon 3/8/04 Fri 7/30/04 
1 
0 
I a 0# 
Concrete Piping 14days 24 days Fri 4/16/04 Thu 8/12/04 Thu 3/4/04 Wed 7/21/04 0. . . .  H ...M R , . , .0  : B B S  
6 Box Culvert 30 days Odays Sat 4/17/04 Fri 5/28/04 NA NA WM mmm 
7 Excavation and Subgrading 22 days 15days Fri 4/16/04 Fri 7/23/04 Tue 6/29/04 Tue 8/3/04 wm. % BE 
i" 
, . , .0  
S El Second Phase 23 days 30 days Wed 6/9/04 Mon 7/12/04 Mon 3/2/04 Fri 9/10/04 5 
9 Subdrain 2days 1 day Wed 6/23/04 Thu 6/24/04 Mon 8/2/04 Mon 8/2/04 0 
1 
10 Subbase 2days 1 day Wed 6/9/04 Thu 6/10/04 Wed 8/4/04 Wed 8/4/04 a 
1 
11 Concrete Paving (Machine) 7 days 17days Fri 6/11/04 Mon 6/21/04 Mon 8/9/04 Tue 8/31/04 m 
12 Concrete Paving (Hand) Sdays Sdays Mon 6/21/04 Fri 6/25/04 Thu 8/19/04 Wed 8/25/04 % 
S 
13 Asphalt Paving Bdays Sdays Wed 6/16/04 Wed 7/7/04 Thu 8/26/04 Mon 9/6/04 m. J 
14 Pavement Marking 1 day 2days Fri 7/9/04 Fri 7/9/04 Wed 9/8/04 Wed 9/5/04 1 
15 Open Traffic Ofiays Odays Mon 7.112/04 Mon 7/12/04 F ri 9/10/04 Fri 9/10/04 i 
Figure 4.16. Comparison of the as-built schedule for the 42nd Street Ramp C (solid bar) and 35th Street Ramp C (lined bar) 
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Task Name 35th St. 42nd St. 35th Start Finish 42nd Start Finish Mar Apr May Jun Jul | Aug | Sep Oct | Nov |D 
2/29 | 3/28 | 4/2E | E/23 | 6/20 | 7/1S 8/15 9/12 |10/10| 11/7 | ' 
1 B Ramp B As-built schedule of 
35th St. & 42nd Project 
172 days 147 days Fri 4/2/04 Mon 11/29/04 Tue 2/24/04 Fri 9/10/04 
2 B First Phase 172 days 124 days Fri 4/2/04 Mon 11/29/04 Tue 2/24/04 Wed S/11/04 g ; ; ; = S 
3 Clearing & Grubbing 1 day 1 day Fri 4/2/04 Fri 4/2/04 Mon 3/B/04 Mon 3/8/04 
I 
i 
4 Removal Paving 4 days 15 days Man 10/4/04 Thu 10/7/04 Mon 3/B/04 Fri S/6/04 
i S 
0 
i i p g 
E Concrete Piping 4 days 13 days Man 10/11/04 Thu 10/14/04 Thu 4/E/04 Fri S/6/04 
, i i i 1 
8 
6 Excavation and Subgradinc 50 days 10 days Wed 4/14/04 Mon 11/29/04 Wed 7/14/04 Wed S/11/04 m .... s.. il.,. E S 
I 
. .  E 
7 _ Second Phase 32 days 35 days Mon 10/11/04 Wed 11/24/04 Mon 7/26/04 Fri 9/10/04 ©= =© 
8 Subdrain 1 day 1 day Man 10/11/04 Mon 10/11/04 Tue 7/27/04 Tue 7/27/04 
1 
1 
9 Subbase 4 days 2 days Fri 10/15/04 Thu 10/28/04 Thu 7/29/04 Fri 7/30/04 
1 
a.j 
10 Concrete Paving [Machine) 10 days 20 days Hon 10/1B/04 Htm 11/3/04 Mon 7/26/04 Wed 9/1/04 1 
a. % 
11 Concrete Paving [Hand) 4 days Bdays Fri 10/29/04 Wed 11/10/04 Mon S/16/04 Wed 9/1/04 .,1 
12 Asphalt Paving 5 days 10 days Fri 10/22/04 Mon 11/15/04 Wed S/25/04 Tue 9/7/04 i I 
s. ..0 
13 Pavement Marking 1 day 2 days Man 11/22/04 Mon 11/22/04 "us 6/7/04 Wed 9/8/04 
1 
1 
14 Open Traffic 0 days 0 days Wed 11/24/04 Wed 11/24/04 Fri 9/10/04 Fri9/10/04 • 
Figure 4.17. Comparison of the as-built schedule for the 42nd Street Ramp B (solid bar) and 35th Street Ramp B (lined bar) 
103 
4.3.1 Developing the expedited construction schedule 
Two methods were introduced in Chapter 2 to develop an expedited construction 
schedule. First is the reduction of duration, and second is compression of activities [22]. The 
author decided to use a compression of schedule, because the as-built schedules for the 35th 
Street and 42nd Street projects had many nonworking days for duration of each ramp 
construction period (Tables 4.2 and 4.3). These tables illustrate the portions involved in each 
activity in terms of the total duration, and compare the portions between the earthmoving and 
paving phases. Underground (3), earthwork (4), concrete paving (7 and 8), and asphalt 
paving (9) were major activities comprising 82% of the total duration in Table 4.2, whereas 
earthmoving comprised 66%. The portion of paving was 34% of the category if subbase was 
included in paving. 
Table 4.2. Duration and actual working rate for the 35th Street interchange project 
35& St. interchange project 
Portion Portion 
1 No. Activity 2 3 4 Average of each of the 
Ramp 
C 
Ramp 
A 
Ramp 
D 
Ramp 
B 
activity category 
1 Clearing & grubbing 1 0 2 1 1 1.3% 
2 Removals 10 10 6 4 8 9.8% 
3 Underground 14 5 9 4 8 10.5% 65.9% 
4 Earthwork (excavation + 
subgrade) 22 46 17 50 34 44.3% 
5 Subdrain 2 2 1 1 2 2.0% 
6 Subbase 2 2 2 4 3 3.3% 
7 Concrete paving (machine paving) 7 10 8 10 9 11.5% 34.1% 
8 Concrete paving (hand paving) 5 7 3 4 5 6.2% 
9 Asphalt paving 8 10 5 6 7 9.5% 
10 Pavement marking 1 2 1 1 1 1.6% 
Sum of duration of each activity 72 94 54 85 76 100.0% 100.0% 
Total duration in business day 96 112 145 172 131 
Actual working rate 75.0% 83.9% 37.2% 49.4% 58.1% 
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In the schedule for 42nd Street, removal (2), underground work (3), earthwork (4), and 
concrete pavement (7 and 8) were major activities comprising 87.4% of the total duration. 
Earthmoving comprised 56%, and paving comprised 44% of the category. The actual 
working rates were 58.1% for 35th Street and 56.8% for 42nd Street. The rates were derived 
from the sum of working days (in business days) for the completion of the activity over total 
closed time. No overlapping durations among activities were considered in these percentages. 
Based on this information, the expedited schedule could be developed by compressing the 
nonworking days of some activities. The method used was to compress the duration of ramp 
construction with many nonworking days. Therefore, as-built schedule ramps C and A at 35th 
Street and Ramp D at 42nd Street, which do not relatively many nonworking days, were not 
considered for compression in this research. 
Table 4.3. Duration and actual working rate for the 42nd Street interchange project 
42nd St. interchange project 
Portion Portion 
1 No. Activity 2 3 4 Average of each of the 
Ramp 
D 
Ramp 
A 
Ramp 
C 
Ramp 
B 
activity category 
1 Clearing & grubbing 1 0 0 0 0 0.3% 
2 Removals 4 11 15 13 11 14.7% 
3 Underground 15 21 24 13 18 24.9% 56.0% 
4 Earthwork (excavation + 
subgrade) 14 8 15 10 12 16.0% 
5 Subdrain 1 1 1 1 1 1.4% 
6 Subbase 1 2 1 2 2 2.0% 
7 
8 
Concrete paving (machine 
paving) 
Concrete paving (hand paving) 
14 
10 
11 
5 
18 
5 
22 
8 
16 
7 
22.2% 
9.6% 44.0% 
9 Asphalt paving 3 2 6 10 5 7.2% 
10 Pavement marking 1 1 1 2 1 1.7% 
11 Grinding 0 0 2 2 1 1.4% 
Sum of duration of each activity 64 62 86 81 73 100.0% 100.0% 
Total duration in business day 96 119 150 151 129 
Actual working rate 66.7% 52.194 57.3% 516% 56.8% 
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To develop the expedited schedule for the 35th Street and 42nd Street construction 
schedules, the author selected the target ramp that could be compressed with the minimum 
effect to overall construction in terms of cost and schedule. Initially Ramp A, D and B at 35th 
Street were selected to reduce the nonworking days for the entire construction duration. Then 
the as-built schedule was compressed to determine the appropriate total duration for the 
expedited project. The Ramp C was not considered as the scope for expedited construction 
because there was a little margin for expedited Ramp C, which was appropriately completed 
(see Table 4.2). The interchange construction project was generally completed by one 
equipment crew size; therefore, two equipment crew sizes were assumed to perform in this 
interchange project, in which one crew worked at Ramp C and A, and the other crew worked 
at Ramp D and B. The duration of each activity was increased slightly by the author because 
this schedule was developed under the condition to provide more marginal duration for each 
activity to minimize the loss of efficiency in expedited construction. However, work 
sequence was not changed from as-built schedule. Reducing the non-working days was the 
main focus, in which concrete piping and earthwork were expedited for the activities with the 
longest calendar working days. 
The results of the expedited schedules are illustrated in Figures 4.18-4.21. The total 
reduced duration was 44 days out of 172 days, resulting in a total duration of 128 days from 
expedited construction, with a 25% decrease. The duration could not be decreased to 50% of 
the duration in the use of one equipment crew in normal construction. Double employment 
for the equipment and labor size used in normal construction was assumed for the expedited 
construction schedule to estimate duration and premium cost. However, Ramp B at 35th 
Street WDsM was the main source of earth for the other ramps to provide insufficient 
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volume for cut; thus, it was impossible to expedite the project until completion of providing 
earth to other ramps from Ramp B. 
The method to expedite the 42nd Street project was applied differently than the 35th 
Street project. As mentioned previously, the quantity of concrete piping at 42nd Street was 
greater than that of 35th Street; therefore, the concrete piping and earthwork in the as-built 
schedule for 42nd Street were compressed to expedite construction (Figures 4.22-4.25). 
Similar to the development of the expedited schedule of the 35th Street project, paving was 
not compressed, because paving work was already performed with fewer nonworking days 
by the contractor. The order of completing the ramp construction was D-A-C-B, but the order 
in the expedited construction schedule developed by the I SU researcher was altered to 
simultaneous work for ramps D and B, and another simultaneous grouping for ramps A and 
C for expedited construction at 42nd Street. The schedule of Ramp D was not expedited 
because construction was finished prior to the completion of the other ramps based on the as-
built schedule (see Figure 4.22). 
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Task Name 35th Expedited 35th Start 35th Finish Ex. Start Ex. Finish | April | May June July | Augus 
3/16 3/31 4/15 | 4/30 5/15 | 5/30 1 6/14 16/29 | 7/141 7/29 | S 
1 - Comparison Expediting vs, As-built 
schedule of Ramp C at 35th St. 
Project 
95.31 days 72 days Fri 4/2/04 Fri 8/13/04 Fri 4/2/04 Mon 7/12/04 
Fri 7/9/04 
Fri 4/2/04 
Thu 4/15/04 
Fri 5/21/04 
Fri 6/11/04 
Mon 7/12/04 
Thu 6/1G/04 
Thu 6/24/04 
Mon 6/21/04 
Fri 6/25/04 
Wed 7/7/04 
Fri 7/9/04 
2 • First Phase 95.31 days 71 days Fri 4/2/04 Fri 8/13/04 Fri 4/2/04 
3 Clearing & Grubbing 1 day 1 day Fri 4/2/04 Fri 4/2/04 Fri 4/2/04 I 
I 
; Removal Paving 10 days 10 days Fri 4/2/04 Thu 4/15/04 Fri 4/2/04 
E Concrete Piping 1-days 26 days Fri 4/16/04 Fri 8/13/04 Fri t/16/04 s.... s .i.. ..,.0 
6 Excavation and Subgrading 22 days 2E days Fri 4/16/04 Fri 7/23/04 Mon 5/10/04 3 
7 • Second Phase 23 days 23 days Wed 6/9/04 Mon 7/12/04 Wed 6/9/04 
8 Subbase 2 days 2 days Wed 6/9/04 Thu 6/1Q/04 Wed 6/9/04 S 
1 
9 Subdrain 2 days 2 days Wed 6/23/04 Thu 6/24/04 Wed 6/23/04 0 
1 
10 Concrete Paving [Machine; 7 days 7 days Fri 6/11/04 Mon 6/21/04 Fri 6/11/04 
11 Concrete Paving (Hand} E days E days Mon 6/21/04 Fri 6/25/04 Mon 6/21/04 
• 
12 Asphalt Paving 6 days Bdays Wed 6/16/04 Wed 7/7/04 Mon 6/2S/04 m.. j 
13 Pavement Marking 1 day 1 day Fri 7/9/04 Fri 7/9/04 Fri 7/9/04 i 
i 
14 Open Traffic 0 days 0 days Mon 7/12/04 Mon 7/12/04 Mon 7/12/04 Mon 7/12/04 • 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.18. Comparison of expedited and as-built schedules for Ramp C at the 35th Street interchange reconstruction 
project 
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Task Name 35th Expedited 35th Start 35th Finish Ex. Start Ex. Finish April May June July August Septen 
3/28 | 4/18 | 5/9 | 5/30 | 6/20 | 7/11 8/1 | 8/22 | 9/1 
15 • Comparison Expediting vs, As-built 
schedule of Ramp A at 35th St, 
Project 
112 days 51 days Fri 4/9/04 Hon 9/13/04 Fri 4/9/04 Fri 7/30/04 
Mon 6/21/04 
Thu 5/20/04 
Fri 5/7/04 
Mon 6/21/04 
Fri 7/30/04 
Thu 6/24/04 
Mon 6/28/04 
Mon 7/12/04 
Wed 7/14/04 
Mon 7/26/04 
Thu 7/29/04 
16 0 First Phase 99 days 52 days Fri 4/9/04 Wed 8/25/04 Fri 4/9/04 
17 Removal Paving 10 days 10 days Fri 4/9/04 Wed 7/21/04 Fri 4/9/04 ! S 
1 • 
...m 
13 Concrets Piping E days E days Thu 4/29/04 TueS/10/04 Thu 4/29/04 
I 
III 
• 
' J 
19 Excavation and Subgrading 46 days 46 days Mon 4/19/04 Wed 8/25/04 Wed 4/21/04 i# IL* •„MJ 
20 [- Second Phase 28 days 28 days Thu 8/5/04 Mon 9/13/04 Wed 6/21/04 © © 
21 Subbase 2 days 2 days Thu S/5/04 FriB/6/04 Wed 6/23/04 
1 
0 
22 Subdrain 2 days 2 days Fri 8/13/04 Mon 8/16/04 Fri 6/25/04 
1 
g 
23 Concrete Paving (Machine) 10 days 11 days Mon 8/9/04 Fri 8/20/04 Mon 6/28/04 
24 Concrete Paving (Hand) 7 days Bdays Mon S/23/04 Tue 8/31/04 Mon 7/5/04 
25 Asphalt Paving 10 days 11 days Thu 8/1204 Thu 9/9/04 Mon 7/12/04 ^ 
26 Pavement Marking 2 days 2 days Fri 9/10/04 Mon 9/13/04 Wed 7/28/04 
1 
27 Open Traffic 0 days Odays Mon 9/13/04 Mon 9/13/04 Fri 7/30/04 F ri 7/30/04 • 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.19. Comparison of expedited and as-built schedules for Ramp A at the 35th Street interchange reconstruction 
project 
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Task Name 35th Expedited 35th Start 35th Finish Ex. Start Ex. Finish I | May | June July August|_Septerr Octobei Noveml 
4/151 5/5 5/3016/20 7/11 3/1 | 5/22 5/12 10/3110/24)11/14 
25 - Comparison Expediting vs. As-built 
schedule of Ftamp D at 35th St. 
Project 
145 days 92 days Thu 4/29/04 Wed 11/17/04 Wed 5/5/04 Tue 9/14/04 
T ue 7/27/04 
Thu 5/6/04 
Wed 7/14/04 
Tue 7/6/04 
Tue 7/27/04 
Tue 9/14/04 
Mon 5/2/04 
Mon 5/9/04 
Fri 5/20/04 
Thu 9/2/04 
Fri 9/10/04 
29 • First Phase 114 days todays Thu 4/29/04 Tue 10/5/04 Wed 5/5/04 ts 
30 Clearing & Grubbing 2 days 2 days Thu 5/13/04 Fri 5/14/04 Wed 5/5/04 
1 
31 Removal Paving 6 days 6 days Thu 6/10/04 Mon 6/16/04 Mon 5/24/04 ,b i 
32 Concrete Piping 9 days 17 days Thu 4/29/04 Mon 9/20/04 Mon 6/14/04 3i • i • i • i • i ii i  1111 
j,. 
a 
33 Excavation and Subgrading 17 days 17 days Thu 5/13/04 Tue 10/5/04 Thu 7/5/04 a... 
,,E
"" 
g 
3t • Second Phase 46 days 32 days Wed 9/15/04 Wed 11/17/04 Mon 5/2/04 ^s> 
35 Subbase 2 days 2 days Wed 9/15/04 Thu 9/16/04 Mon 5/2/04 B 
35 Subdrain 1 day 1 day Wed 9/22/04 Wed 9/22/04 Mon 5/9/04 
I 
1 
37 Concrete Paving (Machine) Sdays 9 days Fri 9/17/04 Tue 9/25/04 Tue 5/10/04 
• 
m 
35 Concrete Paving (Hand) 3 days 4 days Sat 11/13/04 Wed 11/17/04 Mon 5/30/04 S i 
33 Asphalt Paving 5 days 5 days Wed 9/15/04 Fri 10/1/04 F ri 9/3/04 B...J 
• 
40 Pavement Marking 1 day 1 day Mon 10/4/04 Mon 10/4/04 Tue9/14/04 Tue 9/14/04 
1 
1 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.20. Comparison of expedited and as-built schedules for Ramp D at the 35th Street interchange reconstruction 
project 
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Task Name 35th Expedited 35th Start 35th Finish Ex. Start Ex. Finish | April | May JuneJJuly Augu_s[ Septsn Uctobe N overn] 
3/2814/19 E/11 6/2 16/2417/161 3/7 3/2919/20 [10/12 11/3 [11 
41 -I Comparison Expediting vs, As-built 
schedule of Ramp B at 35th St. 
Project 
172 days 12B days Fri 4/2/04 Mon 11/29/04 Fri 4/2/04 Mon 10/4/04 
42 B First Phase 172 days 92 days Fri 4/2/04 Mon 11/29/04 Fri 4/2/04 Mon S/9/04 8= 
=% 
ï» 
43 Clearing & Grubbing 1 day 1 day Fri 4/2/04 Fri 4/2/04 Fri 4/2/04 Fri 4/2/04 
44 Removal Paving 4 days 4 days Mon 10/4/04 Thu 10/7/04 Wed 7/14/04 Mon 7/19/04 
i 
g 
45 Concrete Piping 4 days 4 days Mon 10/11/04 Thu 10/14/04 Mon 7/26/04 Fri 7/30/04 
i 
B 
46 Excavation and Subgrading 50 days 50 days Wed 4/14/04 Mon 11/29/04 Thu 4/15/04 Mon S/9/04 i ^ 
II 
S. 
• 
m,. ,  
m 
E 
m m 
M Ë 
47 • Second Phase 22 days 36 days Mon 10/11/04 Wed 11/24/04 Mon S/16/04 Mon 10/4/04 
4S Subbase 4 days Sdays Fri 10/15/04 Thu 10/25/04 Mon S/16/04 FriS/20/04 
• 
0..I 
49 Subdrain 1 day 1 day Mon 10/11/04 Mon 10/11/04 Mon S/23/04 Mon S/23/04 
i 
1 
50 Concrete Paving [Machine) 10 days 11 days Mon 10/1 S/04 Mon 11/S/04 Mon S/30/04 Mon 9/13/04 
m 
a, S 
51 Concrete Paving (Hand) 4 days Sdays Fri 10/29/04 Wed 11/10/04 Mon 9/13/04 Fri 9/17/04 
• 
,1 
52 Asphalt Paving 6 days 7days Fri 10/22/04 Mon 11/15/04 Mon 9/20/04 Tue9/2S/O4 
• 
B. 
53 Pavement Marking 1 day 1 day Mon 11/22/04 Mon 11/22/04 Fri 10/1/04 Fri 10/1/04 1 
54 Open Traffic Odays Odays Wed 11/24/04 Wed 11/24/04 Mon 10/4/04 Mon 10/4/04 • 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.21. Comparison of expedited and as-built schedules for Ramp B and loop at the 35th Street interchange 
reconstruction project 
I l l  
Task Name 42nd Expedited 42nd Start 42nd Finish Ex. Start Ex. Finish - | Apr'04 | May'04 Jun '04 Jul"04 | A 
3/16 3128 4/9 4/21 5/3 |E/1E 5/27 6/8 6/20 7/2 |7/14 7/26 
1 • Comparison Expediting vs. As-built 
schedule of Ramp D at 42nd St. Project 
96 days 79 days Tue 3/ZV04 Thu 7/29/04 Tue 3/23/04 Fri 7/9/04 
2 - First phase 33 days 33 days Tue 3123114 Thu 516194 Tue 3/23/04 Thu 5/6/04 
Tue 3/23/04 
Wed 3/31/04 
Fri 4/23/04 
Thu 5/6/04 
Fri 7/9/04 
Tue 5/11/04 
Sat 5/15/04 
Thu 5/20/04 
Fri 6/4/04 
Tue 6/5/04 
Wed 6/9/04 
=© 
3 Clearing and Grubbing 1 day 1 day Tue 3/23/04 Tue 3/23/04 Tue 3/23/04 I 
I 
: Removal 4 days ; days F ri 3/26/04 Wed 3/31/04 Fri 3/26/04 El 
5 Underground 15 days 15 days Mon 3/29/04 Tue 5/4/04 Mon 4/5/04 ] ..B E 
5 Excavation and Subgradin g 14 days 14 days Mon 4/19/04 Thu 5/6/04 Mon 4/19/04 R# 
7 - Second phase 63 days 46 days Fri 5/7/04 Thu 7/29/04 Fri 5/7/04 © ; 
S Subdrain 1 day 1 day Tue 5/11/04 Tue 5/11/04 Tue 5/11/04 I 
I 
9 Subbase 1 day 1 day Fri 5/7/04 Fri 5/7/04 Sat 5/15/04 I 
I 
10 "rimming 1 day 1 day Thu 5/20/04 Thu 5/20/04 Thu 5/20/04 I 
I 
11 Concrete Paving (Machine Paving) 13 days 13 days Fri 5/21/04 Fri 6/4/04 Fri 5/21/04 
12 Concrete Paving (Hand Paving) 10 days 10 days Thu 5/27/04 Tue 6/5/04 Thu 5/27/04 
13 Asphalt Paving 3 days 3 days Mon 6/7/04 Wed 6/9/04 Mon 6/7/04 0 
i 
14 Pavement Marking 1 day 1 day Thu 7/29/04 Thu 7/29/04 Fri 7/9/04 Fri 7/9/04 i 
i 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.22. Comparison of expedited and as-built schedules for Ramp D at the 42nd Street interchange reconstruction 
project 
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Task Name 42nd Expedited 42nd Start -2nd Finish Ex. Start Ex. Finish 04 | Mar 04 | Apr'04 | May'04 Jun '04 Jul'04 A 
2/15 2/2913/14 |3/2S| 4/11 4/251 E/9 15/23 6/5 15/20 7/4 7/1S a 
15 -I Comparison Expediting vs. As-built 
schedule of Ramp A at 42nd St, Project 
1119 days 62 days Tue 2/24/04 Tue 5/3/04 Mon 3/22/04 Thu 6/17/04 
15 - First phase 105 days 45 days Tue 2/24/04 Mon 7/19/04 F/on 3/22/04 Fri 5/21/04 Y 
17 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Mon 3/22/04 Mon 3/22/04 I 
I 
15 Removals 11 days 14 days Tue 3/30/04 Wed 7/14/04 TUÉ 3/30/04 Fri 4/16/04 I !,,,l 
19 Underground 21 days 23 days Wed 4/21/04 Mon 7/19/04 Wed 4/21/04 Fri 5/21/04 a... m E ! • |B 1 • 1 • 1 • 1 • 1 n.M 
20 Excavation and Subgrading 5 days 10 days Mon 4/19/04 Mon 5/10/04 Mon 5/17/04 Thu 5/27/04 s,... 
21 - Second phase 46 days 20 days Tue 6/1/04 Tue 5/3/04 Fri 5/21/04 Thu 6/17/04 w p 
22 Subdrain 1 day 1 day Mon 6/14/04 Mon 6/14/04 Thu 5/27/04 Thu 5/27/04 
i 
1 
23 Subbase 2 days 2 days Mon 6/7/04 Tue 5/5/04 Thu 5/27/04 Sun 5/30/04 
i 
0 
24 "rimming 1 day 1 day Mon 7/19/04 Mon 7/19/04 Wed 5/2/04 Wed 5/2/04 
1 
1 
25 Concrete Paving [Machine Paving) 10 days 14 days Tue 6/1/04 Wed 7/21/04 Mon 5/31/04 Fri 5/15/04 3 1 1 1 1 1 1 1 1 1 1 1 m 
26 Concrete Paving (Hand Paving) 5 days 5 days Mon 7/25/04 Tue 5/3/04 Sat 5/5/04 Mon 6/14/04 n 3 
27 Asphalt Paving 2 days 2 days Thu 7/22/04 Fri 7/23/04 Mon 6/14/04 Tue 5/15/04 
, 
s 
25 Pavement Marking 1 day 1 day Thu 7/29/04 Thu 7/29/04 Thu 6/17/04 Thu 6/17/04 
1 
i 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.23. Comparison of expedited and as-built schedules for Ramp A at the 42nd Street interchange construction 
project 
113 
Task Name 42nd Expedited 42nd Start 42nd Finish Ex. Start Ex. Finish ;b 041 Mar '04 Apr 0' May"04 Jun 04 Jul '04 | Aug '04 Sep ( 
2/5 |2G6|3/14 3/3114/17 5/4 |E/211 6/7 6/2417/11 7/25|S/14|5/3116 
29 E3 Comparison Expediting vs, As-built 
schedule of Ramp C at 42nd St, Project 
150 days 52 days Tue2/24''04 Wed 9/15/04 Mon 3/22/04 Wed 7/14/04 
3D E First phase 119 days 65 days Tue 2j24.i'04 Tue fi/3/04 Mon 3/22/04 Mon 6/21/04 
Mon 3/22/04 
Wed 5/12/04 
Mon 6/7/04 
Mon 6/21/04 
Wed 7/14/04 
Mon 6/14/04 
Thu 6/17/04 
Mon 6/21/04 
Thu 7/1/04 
F ri 7/2/04 
Thu 7/5/04 
F ri 7/9/04 
= I6> 
31 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Mon 3/22/04 I 
I 
32 Removal 15days 1Edays Mon 3/8/04 Fri 7/30/04 Mon 4/19/04 g 1 E 
33 Underground 24 days 31 days Thu 3/4/04 Wed 7/21/04 Mon 4/26/04 I,,,, Q,,, ^ 111 n .B 
3^ Excavation and Subgrading 15days 15days Tue 6/29/04 Tue S/3/04 Mon 5/31/04 3 ^ g 
35 E Second phase 13 days 23 days Mon 8/2/04 Wed 9/15/04 Mon 6/14/04 
35 Subdrain 1 day 1 day Mon 6/2/04 Mon S/2/04 Mon 6/14/04 
1 
1 
37 Subbase 1 day 1 day Wed 6/4/04 Wed 5/4/04 Thu 6/17/04 
1 
1 
30 "rimming 1 day 1 day Fri 6/6/04 Fri 5/6/04 Mon 6/21/04 
1 
1 
33 Concrete Paving (Machine Paving) 17days 10days Mon S/9/04 TueS/31/04 Mon 6/21/04 Km 
40 Concrete Paving (Hand Paving) Sdays Bdays Mon fi/30/04 Fri 9/3/04 Mon 6/26/04 3 
41 Asphalt Paving ôdays 3days Thu fi/26/04 Fri 9/3/04 Mon 7/5/04 
1 
s B 
42 Pavement Marking 1 day 1 day Wed 9/5/04 Wed 9/5/04 Fri 7/9/04 
1 
1 
43 Grinding 2days 3days Thu 9/9/04 Wed 9/15/04 Mon 7/12/04 Wed 7/14/04 
1 
LI 
Note: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.24. Comparison of expedited and as-built schedules for Ramp C at the 42nd Street interchange construction 
project 
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Task Name 42nd Expedited 42nd Start 42nd Finish Ex. Start Ex. Finish :fc "041 Mar '04 Apr'O- May W Jun 0- Jul 04 Aug'M Sep ( 
2/5 2/26|3/14|3/31 |4/I7| 5/4 |5/2116/7 |6*24 7/1l|7/2£|S/14|S/31 Si 
44 
-I Comparison Expediting vs. As-built 
schedule of Ftamp B at 42nd St, Project 
151 days 103 days Tue 212AM Thu 9M6/04 Non 3/22/04 Wed S/11/04 
45 • First phase 122 days 65 days Tue 2/24/04 Fri S/6/04 Mon 3/22/04 Fri 6/1 S/04 
Mon 3/22/04 
Mon 4V26J04 
Fri 5/25/04 
Fri 6/15/04 
Wed 5/11/04 
Mon 6/21/04 
Fri 6/25/04 
Tue 6/29/04 
Wed 7/21/04 
Fri 7/23/04 
Fri S/6/04 
Tue S/3/04 
© 
46 Construction Surveying 1 day 1 day Tue 2/24/04 Tue 2/24/04 Mon 3/22/04 I 
I 
47 Removal 13 days 14 days Mon 3/5/04 Thu S/5/04 Mon 4/5/04 Ll . , . ,  1 1.J..JJ g 
46 Underground 13 days 13 days Thu 4*5/04 Fri 5/6/04 Tue 5/4/04 s 1 1111B J g 
49 Excavation and Subgrading 10 days 12 days Wed 7/14/04 Fri S/6/04 Mon 5/31/04 
ma 
a 
50 - Second phase 39 days 35 days Mon 7/26/04 Thu 9/16/04 Mon 6/21/04 & 
51 Subdrain 1 day 1 day Tue 7/27/04 Tue 7/27/04 Mon 6/21/04 
i 
1 
52 Subbase 2 days 3 days Thu 7/29/04 Fri 7/30/04 Tue 6/22/04 
i 
S 
53 "rimming 2 days 2 days Mon S/2/04 Tue S/3/04 Mon 6/25/04 
\ 
B 
54 Concrete Paving [Machine Paving) 20 days 16 days Mon 7/26/04 Wed 9/1/04 Wed 6/30/04 1 EL# 
55 Concrete Paving [Hand Paving) 6 days 4 days Mon S/16/04 Wed 9/1/04 Tue 7/20/04 
1 
S. . I  
ES Asphalt Paving 10 days 11 days Wed S/25/04 Tue 9/7/04 F ri 7/23/04 E 
57 Pavement Marking 2 days 2 days Tue 9/7/04 Wed 9/5/04 Mon 6/2/04 B 
56 Grinding 2 days 3 days Fri 9/10/04 Thu 9/16/04 Mon 6/9/04 Wed S/11/04 
I 
1,1 
<tote: Expedited construction is marked by a solid bar and the as-built schedule by a lined bar. 
Figure 4.25. Comparison of expedited and as-built schedules for Ramp B and loop F at the 42nd Street interchange 
construction project 
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The reduction in total duration was 37 days out of 140 days; therefore, if construction 
were expedited, the 42nd Street project could be assumed to be completed in 103 business 
days, from 3/22/04 to 8/11/04. The business days included working days during the weekdays, 
rainy days, excusable delay days by Iowa DOT, and idle days by the contractor (Figure 4.25). 
The author assumed the sizes of crew and equipment were twice as large as the ones 
employed in these two projects. The method of expediting each of two projects was different 
because methods of earthmoving were different. The 35th Street expedited construction 
schedule considered the use of Ramp B as source of earth while the 42nd expedited 
construction schedules considered the earth on site and from a stockpile at Ramp C. 
The reduced duration of each project was 44 days out of 172 days for the 35th Street 
project, and 48 days out of 151 days for 42nd Street project (Table 4.4). The following 
assumptions were used to develop the expedited interchange construction schedules and the 
premium costs: 
• One equipment crew size was used for normal construction on the contrary to two 
equipment crew sizes employed at the both sides of interchange for expedited 
construction. 
• Equipment unit price was based on Means Heavy Construction Cost Data [19]. 
• Equipment crew was based on site observation and knowledge base of the ISU 
reseacher. 
• Expedited rate was made to maximize the decreased duration. 
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Table 4.4. Comparison of reduced duration by expediting 
Interchange project duration 
No. Project 
Ramp 
C 
Ramp 
A 
Ramp 
D 
Ramp 
B 
Total 
duration 
Percent 
1 35th St. interchange project 96 112 145 172 172 100% 
2 35th St. expedited construction 71 81 92 128 128 74% 
Reduced duration (1-2) 25 31 53 44 44 26% 
Ramp 
D 
Ramp 
A 
Ramp 
C 
Ramp 
B 
Total 
duration 
1 42nd St. interchange project 96 119 150 151 151 100% 
2 42nd St. expedited construction 79 62 82 103 103 68% 
Reduced duration (1-2) 17 57 68 48 48 32% 
Estimating premium cost by expedited construction is a difficult task, because cause 
and effect are not readily determined in the estimation phase, and are also interrelated. The 
accurate premium cost could be determined by estimating the accurate as-built quantity of 
each activity and the employed resources on a daily basis. However, the method is 
realistically difficult unless the researcher stays on-site during the entire project duration. 
Possession of the entire documents regarding the project is required as well as recording on a 
daily basis for collaboration with the inspector and contractor. Using statistical data such as 
those published by the Bureau of Labor Statistics [21] would be an alternative for determining 
the amount of increased costs in expedited construction. 
Tables 4.5 and 4.6 provide conceptual cost estimates of the 35th Street and 42nd Street 
expedited interchange projects. The tables include resource information, duration of as-built 
schedule and expedited construction, and the premium direct cost by increased resources. 
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Equipment cost was estimated based on observations by the author, and the unit prices refer to 
heavy construction cost data [19]. The preliminary estimation submitted to design team of the 
Iowa DOT was utilized to calculate the material cost. 
Expedited construction schedules provided that the additional cost would be increased 
by the need for additional resources over the normal construction cost of $2,783,571. The 
final cost was $3,038,267, which was 9% greater than the original amount. The proportion of 
9% was calculated based on expedited construction duration, the additional amount of 
resources, and normal constrution duration. Expedited construction duration of 128 days was 
multiplied by 2 (increased resources rate), and the yielded value of 256 was divided by 172 
days (the normal construction duration) (see Table 4.5). Following equation is used for 
expedited premium cost: 
Expedited Premium Cost by Increased Labor and Equipment = (Duration of Expedited 
Construction* Increased Cost Rate)/(Duration of Normal Constuction) 
Increased Cost Rate = 1+(Increased labor cost+Increased equipment cost)/Cost of Normal 
Construction 
The same method was applied to illustrate the additional cost of labor, equipment, and 
material in expedited construction for the 42nd Street project (Table 4.6). Equipment and labor 
were less in the normal construction as compared to that of the 35th Street project. Since the 
reduced duration rate was more than that of 35th Street, the premium cost by increased 
resources was 3%, which is added to the total premium cost as shown in Table 4.8. To 
estimate more accurate additional cost by expedited construction, documents on employment 
of resources should have been invesigated; however, this information was not available in the 
present research. 
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Table 4.5. Premium cost of increased resources for expedited construction in the 35th Street project 
Item Quantity Employed 
rate 
Unit price 
per day Day 
Labor cost 
per 
day 
Material 
cost per 
day 
Equipment 
cost 
per day 
Cost Percent 
A Equipment 
1 Truck 5 69% 443 172 443 263,266 9% 
2 Excavator 2 66% 713 172 713 161,570 6% 
3 Bulldozer 1 49% 1,131 172 1,131 95,034 3% 
4 Loader 1 13% 927 172 927 20,899 1% 
5 Skid loader 2 100% 320 172 320 110,080 4% 
6 Sheep foot 1 58% 558 172 558 55,698 2% 
7 Slip-form paver 1 11% 1,500 172 1,500 29,607 1% 
8 Trimmer 1 2% 1,000 172 1,000 3,948 0.1% 
Subtotal 14 740,101 27% 
B Labor 
1 Labor 5 172 200 172,000 6% 
2 Operator 
Subtotal 
9 172 250 387,000 
559,000 
14% 
20% 
C Material 
1 Paving(LS)x0.75 0.75 21,242 83 15,932 1,322,337 48% 
2 Utility (LS)xO.6 
Subtotal 
0.60 8,444 32 5,067 162,133 
1,484,470 
6% 
53% 
Total 2,783,571 
Normal construction (LS) 1 172 2,783,571 100% 
Expedited construction (LS) 2 128 3,038,267 109% 
Additional direct cost 254,696 9% in expedited construction 
Notes: (1) Equipment unit price based on means heavy construction cost data [19]. (2) Equipment unit price includes operator fee. 
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Table 4.6. Premium cost of increased resources for expedited construction in the 42nd Street project 
Item Quantity Employed 
rate 
Unit price 
per day Day 
T , , Material Labor cost 
"sr 
Equipment 
cost 
per day 
Cost Percent 
A Equipment 
1 Truck 3 58% 443 151 443 116,303 6% 
2 Excavator 2 56% 713 151 713 120,473 6% 
3 Bulldozer 1 58% 1,131 151 1,131 99,088 5% 
4 Loader 1 17% 927 151 927 23,396 1% 
5 Skid loader 2 100% 320 151 320 96,640 5% 
6 Sheep foot 1 41% 558 151 558 34,508 2% 
7 Slip-form paver 1 22% 1,500 151 1,500 50,247 3% 
8 Trimmer 1 4% 1,000 151 1,000 6,700 0.4% 
Subtotal 12 547,356 29% 
B 
1 
2 
Labor 
Labor 
Operator 
Subtotal 
5 
7 
200 
250 
151 
151 
200 
250 
151,000 
264,250 
415,250 
8% 
14% 
22% 
C Material 
1 Paving(LS)x0.75 0.75 4,772 114 3,579 408,026 22% 
2 Utility (LS)x0.6 0.60 11,370 73 6,822 498,000 27% 
Subtotal 906,026 48% 
Total 
Normal construction (LS) 
Expedited construction (LS) 
Additional direct cost 
in expedited construction 
1 
2 
151 
103 
1,868,633 
1,868,633 
1,931,243 
62,610 
100% 
103% 
3% 
Notes: (1) Equipment unit price based on means heavy construction cost data [19]. (2) Equipment unit price includes operator fee. 
120 
In this research, the author determined that the largest factor influencing the total cost 
in expedited construction was increased labor cost and equipment cost. Tables 4.7 and 4.8 
illustrate the total premium cost for expedited construction. These influencing factors were 
introduced in Chapter 2. The contribution of each factor to total cost was demonsrated as 
below: 
• Additional labor and equipment. It was assumed that twice the crew size of the normal 
construction was employed for expedited interchange construction. The increased 
amount was inversely proportional to the reduced duration amount (3%~9% increase 
in cost according to both projects). 
• Reduced efficiency due to increased manpower and overtime : This item included the 
crew overloading factor and overtime impact based on Business Roundtable [20] and 
Calculating Construction Damages [18]. 
• Material price increse: It was assumed the price would be increased when the 
contractor did not have enough time to order. A reasonable 10% increase was 
estimated for concrete, asphalt, and utility. 
• Restricted access: Inefficiency for equipment operation could be identified with the 
labor overcrowding factor through the following equation. The estimation might not 
be precisely accurate, but the real value would not be more than the calculated value in 
this thesis. 
Overcrowding factor (25%)xExpedited Construction Duration / Normal Construction 
Duration xEquipment Cost 
• Disruption of schedules designedfor optimum equipment and manpower: This item 
was considered in lines 2, 3, and 4 in Tables 4.7 and 4.8. A total construction cost 
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difference of 3% was estimated. Marginal cost was included as a conceptual cost 
estimation. Stand-by time for labor or equipment is known as a negative infuencing 
factor. However, this would be more applicable in building construction rather than 
heavy highway construction since more space in highway construction is allowed than 
in building construction. 
Stacking of trades: Interchange construction does not have a variety of material items 
(see no. 3 in Tables 4.7 and 4.8 for material price increases). 
Re-sequencing the work. Interchange construction is not flexible in sequences except 
for utility and earthwork. For this research, the author expedited the construction by 
compressing the schedule. Therefore, the effect by resequencing should not occur in 
this case. 
Dilution of supervision: It was assumed that one more supervisor would be hired for 
any expedited interchange construction. The cost would be based on the duration of 
expeding construction. 
Concurrent work. Inefficient factors like labor cost increase and equipment cost 
increase were considered previously. The expedited interchange construction schedule 
was developed under the condition that big unit priced equipment like trimmers and 
slip-form pavers would be used as consecutively as possible in the project. Thus, from 
the author's point of view, this item would decrease the cost at least as much as a 
certain portion of the mobilization cost. 
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Table 4.7. Premium cost of expedited construction by increased resources in the 35th Street project 
No. Item 
Cost 
before 
item applied 
Expedited 
factor (%) 
Premium 
direct cost 
Total 
direct cost 
Total 
cost 
Remark 
1 Additional labor, equipment 2,783,571 9.1% 254,696 3,038,267 2 times equipment crew used based on ISU assumption 
2 
Reduced efficiency due to 
increased manpower and 
overtime 
3,038,267 6.7% 204,329 3,242,596 During construction, 10 hrs overtime 
working assumed 
3 Material price increase (10%) 3,038,267 5.3% 162,030 3,404,626 Concrete, Asphalt, and Utility 
4 Restricted access (equipment) 3,038,267 4.9% 150,292 3,554,918 Urban area more affected, not much in interchange project 
5 Disruption to planned 
continuity of work 3,038,267 3.0% 91,148 3,646,066 
The item was considered in no. 2, 3, and 
4. 3% included as marginal cost 
6 Dilution of supervision 3,038,267 1.5% 45,574 3,691,640 One more supervisor or intern hiring, One more contractor 
7 Re-sequencing the work 3,038,267 0.0% 0 3,691,640 Flexible in earthmoving project 
Already applied expedited duration, bad 
8 Extra expense in bad weather 3,038,267 0.0% 0 3,691,640 weather is not counted to contract 
duration. 
9 Reduced efficiency due to increased equipment 3,038,267 0.0% 0 3,691,640 Considered in item no. 4 
10 Stacking of trades 3,038,267 0.0% 0 3,691,640 Not many items in interchange 
construction, considered in item no. 3 
11 Concurrent work 3,038,267 -1.2% -35,469 3,656,171 Less on-site mobilization cost through 
simultaneous work at opposite sides 
Additional cost & percentage 2,783,571 $ 872,600 $ 3,656,171 $ 4,387,405 
131% 
Notes: (1) 5% mobilization cost against total cost was assumed. (2) 20% indirect cost + tax application. (3) The schedule was compressed to expedite 
construction. (4) Normal construction working hour was 50 hrs per week, but 60 hrs per week for expedited construction. 
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Table 4.8. Premium cost of expedited construction by increased resources in the 42nd Street project 
No. Item 
Cost 
before 
item applied 
Expedited 
factor (%) 
Premium 
direct cost 
Total 
direct cost 
Total 
cost 
Remark 
1 Additional labor, equipment 
Reduced efficiency due to 
1,868,633 3.4% 62,610 1,931,243 2 times equipment crew used based on ISU assumption 
During construction, 10 hrs overtime 
2 increased manpower and 
overtime 
1,931,243 6.8% 131,733 2,062,976 working assumed, Crowding factor not 
included 
3 Material price increase (10%) 1,931,243 4.8% 93,638 2,156,614 Concrete, Asphalt, and Utility 
4 Restricted access (equipment) 1,931,243 5.0% 96,468 2,253,082 Urban area more affected, not much in interchange project 
5 Disruption to planned 
continuity of work 1,931,243 3.0% 57,937 2,311,020 
The item was considered in No. 2, 3, 
and 4. 3% included as marginal cost 
6 Dilution of supervision 1,931,243 1.5% 28,969 2,339,988 One more supervisor or intern hiring, One more contractor 
7 Re-sequencing the work 1,931,243 0.0% 0 2,339,988 Flexible in earthmoving project 
Already applied expedited duration, 
8 Extra expense in bad weather 1,931,243 0.0% 0 2,339,988 bad weather is not counted to contract 
duration. 
9 Reduced efficiency due to increased equipment 1,931,243 0.0% 0 2,339,988 Considered in item No. 4 
10 Stacking of trades 1,931,243 0.0% 0 2,339,988 Not many items in interchange 
construction, considered in item No. 3 
11 Concurrent work 1,931,243 -1.5% -29,204 2,310,784 Less onsite mobilization cost through 
simultaneous work at opposite sides 
Additional cost & percentage 1,868,633 $ 442,151 $2,310,784 $2,772,941 
124% 
Notes: (1) 5% mobilization cost against total cost was assumed. (2) 20% indirect cost + tax application. (3) The schedule was compressed to expedite. (4) 
Normal construction working hour was 50 hrs per week, but 60 hrs per week for expedited construction. 
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4.4 Features of Urban Interchange Reconstruction Scheduling 
Iowa State University researcher provided essential information and features in terms 
of interchange construction for the 35th Street and 42nd Street projects. As described in the 
interchange construction schedule, the completion for each ramp schedule was later than that 
for baseline schedule provided by the contractors, ranging from 40 to 80 days. Although the 
baseline schedule was developed based on insufficient information, time, and 
communication, the actual construction duration was affected by even greater unforeseen 
differences. Thus, the baseline schedule could not be used as an objective project 
management tool after the construction began. The Iowa DOT and contractors should have 
provided a more realistic duration when the project was expedited as the 1-235 urban 
highway corridor included numerous projects for which effective project management might 
have decreased the general project duration. 
Through documentation, site observation, and regular interviews with the contractors 
and inspectors, Iowa State University researcher found specific reasons for the longer 
duration of the baseline schedule: 
1. Relation with bridge construction: The bridge construction schedule was the critical 
path along with interchange construction schedule in 35th Street bridge and 
interchange construction. The interchange construction could have been expedited to 
be completed in a shorter time. It could have been opened at least at the same time as 
bridge open date if a full scope had been provided for completion. 
2. Traffic control: Interchange construction should be considered more in terms of open 
traffic. Even if the remaining ramps, with the exception of Ramp B, were completed 
before the bridge opened, deciding whether to remain open was dependent on the 
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degree to which the traffic would affect bridge construction or other structures 
construction regarding security of adequate space for equipment, and stacking 
material. 
3. Earthwork: Earthwork was a major reason for the large difference in project duration. 
A quantitative analysis for each ramp should be carefully considered and preplanned 
for the construction to avoid the premium costs. Earthwork greatly influenced the 
construction schedule in the 35th Street project since an insufficient cut quantity was 
provided for Ramp B and other sites. In other words, earth balance on-site crucially 
influenced the project schedule. 
4. Paving duration for urban interchange construction: The baseline schedule included 
15 working days for paving of each ramp. In practice, the duration could be divided 
into about 10 working days for machine paving and 5 days for hand paving according 
to the as-built schedule. 
5. Weather conditions: Weather condition was an important factor in the interchange 
construction scheduling. For example, the contractor could not work for at least half 
day, until the earth dried after a rain. The Iowa DOT compensates for such 
occurrences as a nonworking day or half working day depending on productivity and 
precipitation. 
6. Pavement removal in urban interchange construction: Pavement removal should be 
included for more than 5 days for each ramp construction because the project was 
performed on an urban highway. This is a typical difference from rural highway 
construction, in addition to utilities. 
Baseline schedule: Interchange construction did not occur simultaneously. Contrary 
to the baseline schedule, the as-built schedules demonstrated that there were a few 
multiple activities; it could have brought about a decrease in the duration. In other 
words, the author assumed that the contractors could have placed more effort into 
expediting the construction. If more earthmoving were executed, the construction 
could be completed at least one month ahead of schedule. The contractors of the two 
projects generally used crew sizes less than what could have been used. The author 
recognized that this is a major issue in profitability for the contractors. Nevertheless, 
fundamentally, the contracts could have performed much faster than the actual 
completion date if the employed crew size were greater. 
Discontinuous work. The author observed earthmoving and paving were not 
performed continuously. Splitting the duration according to the actual duration and 
the time activities occurred was used in this thesis. It would be a better method to 
estimate actual construction and understand logical sequencing and the results of the 
updated schedule. If a planner develops the schedule as continuously working, the 
schedule might not able to illustrate the actual progress and the details effectively. 
Interaction with production rate : The previously researched production rate by Iowa 
DOT for earthmoving was utilized for developing the detailed as-planned schedule, 
but it has a lot of difference with actual production rate in 1-235 urban highway, 
which was much lower. Based on site observation, the author assumed not working 
solidly by contractors would be one of the important reasons. The contractors could 
attempt to complete the work in less time. Nevertheless, the project could be finished 
in time because adequate contract duration was provided by the Iowa DOT. 
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10. Site trafficability: Earthmoving should have been completed as soon as possible to 
ensure stable trafficability on-site. For this reason, contract duration for the 
interchange construction could be divided into two phases—earthmoving and paving. 
Once earthmoving is completed, the mobility of equipment and security of space 
would be resolved, thus reducing duration. Therefore, the earthmoving process, from 
clearing and grubbing to subbase preparation, would be preferable to be the critical 
path in bridge and interchange construction. 
11. Stockpile effect to urban interchange construction: A stockpile on the north side of 
42nd Street was helpful for storage and retrieval of the earth efficiently. However, it 
interfered with the access of equipment. Thus, precise scheduling concerning the 
stockpile should be required to ensure successful achievement of the project. 
12. Multiple projects for earthwork having less production: When the Iowa DOT and 
contractors plan several projects at the same time, they might more carefully perform 
and coordinate earthwork construction, with a better earthmoving schedule based on 
present conditions of earth quantity at other sites. For example, a better earthmoving 
schedule was achieved through tying up the 35th Street and 42nd Street projects. As 
another example, finding an appropriate dump site could be achieved more effectively 
if more careful consideration was used. With these improvements, reduction of 
construction duration would have been achieved for the urban freeway construction. 
13. Concurrent work in expedited in interchange construction: Even if expedited 
construction costs more than normal construction, two equipment crew sizes working 
at both sides of the interchange can reduce the cost. This would decrease the 
mobilization cost and time use. In addition, use of two equipment crews at both sides 
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of the interchange would expedite construction by enabling work to be carried out 
simultaneously and continuously. 
14. Projects more suitable for expedited construction: The site that has less quantity of 
cut and fill, such as 42nd Street project, would work better for expedited interchange 
construction because the management of the newly produced earth quantity would not 
take more time. If a project has less utility work, it would be good candidate for 
expedited construction. 
15. Expeditedfee calculated by the author: About 31% for 35th Street project and 24% 
for 42nd Street project were figured out as the premium cost for interchange expedited 
construction. These figure are from conceptual estimation, which is not quite precise. 
However, it is important to know that the premium cost in expedited interchange 
construction in urban areas will not be over 35%. 
Iowa State University researchers proposed that the contract duration of interchange 
construction could have been reduced considerably if the project had been managed more 
aggressively. In this case, determination of contract duration critically influenced the general 
situation of the construction. The contract duration could have been decreased by 10% under 
normal conditions depending on how the contractor managed the construction. For example, 
regarding the duration of the 42nd Street project, 151 days might have been decreased 
approximately from 130 to 140 days with no premium costs. If it were necessary to expedite 
the interchange construction, the duration could be estimated according to how intensively 
the construction needed to be built. ISU researchers could assume a decrease in duration 
approximately by 25% if equipment use was doubled in highway versus normal construction. 
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For example, in 172 days of interchange construction, the duration could be decreased down 
to 128 days due to efficiency and expedited work. 
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CHAPTER 5. SUMMARY AND RECOMMENDATIONS 
5.1 Summary 
To date, rural highway construction data provided by the Iowa DOT have been used 
for both rural and urban construction in the state of Iowa. This approach generally dealt with 
acquiring data and interviewing construction personnel related to issues including production 
rate and schedule estimations in urban interchange reconstruction. With this approach, 
transition to realistic scheduling can be developed. Therefore, data were gathered regarding 
methods of earthmoving productivity, scheduling analyses, and cost estimation. A new 
method was proposed to provide realistic estimates related to construction duration and cost 
so the owner and contractors can make better plans to expedite interchange reconstruction in 
urban highways. 
The 1-235 reconstruction projects involve more than 80 bridges and 20 interchanges. 
Therefore, two main factors for successful completion of the entire 1-235 corridor are to (1) 
decrease adverse effects due to delays from previous projects and (2) unify the projects to 
encourage collaboration among worksites. Iowa presents a relatively short construction 
season of about seven months, and the reconstruction projects are performed in the urban 
area of Des Moines where features contribute to lower production rates than those of rural 
areas. To succeed in the projects, the possibility of expediting each project becomes a key 
item of effective schedule management. 
Selected projects were studied through a literature review conducted at the onset of 
this research to gain an understanding of the factors involved in urban earthmoving 
production rates. Then, the author focused on the production rate of selected 1-235 
reconstruction projects to propose a methodology to improve the earthmoving production 
rate. Various site conditions were observed and recorded to determine cause and effect 
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through time studies and conducting statistical analyses. In addition, a variety of construction 
personnel were interviewed, such as inspectors and officers in the Iowa DOT, contractors, 
subcontractors, and labors. Their interviews provided qualitative data to verify and enrich the 
results of the quantitative analyses. Finally, solutions were proposed for consideration in 
future research. 
Improved methods of scheduling and cost estimation for expedited construction were 
proposed for urban interchange reconstruction. The fundamental documents for cost 
estimation and scheduling were provided by the Iowa DOT, such as daily and weekly reports, 
pay estimate reports, contractor's requests, and schedules of prices. The documents were 
investigated to estimate duration, sequence, cost of each bid item and activity, and premium 
cost in expedited construction. The Iowa State research team examined documents and 
visited related construction sites to obtain geographical information and to utilize 
communication tools. Through a series of analyses, the scheduling of the 35th Street and 42nd 
Street interchange projects were developed to provide a detailed duration, and then possible 
minimum durations in expedited construction were proposed by the author. The author 
determined that premium duration and cost for expedited construction might be an 
appropriate index for decision making in expedited construction of future projects. 
With documents provided by the Iowa DOT, the author studied the cost estimation 
methods for urban interchange construction. The first method is to use a provided constant 
and the second applies a cross-sectional method. The author also determined that the cost 
efficiency and duration for bridge demolition were affected by the traffic control and kinds of 
bridges. There was a large difference in unit price per m2 between two bridge demolitions 
(Appendix I). Paving processes on 1-235 reconstruction were studied and described to 
provide information on sequence, duration, and employed resources in Appendix B. 
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5.2 Conclusion and Recommendations 
Limited site access of resources, more utility installations, and problems with dump 
areas in close distances in urban highway corridor adversely influenced earthmoving 
production rates. Preplanning and careful observation at the start of the project should be 
performed by contractors. 
The author determined the factors influencing earthmoving production rate and 
classified them based on project features in the 1-235 urban highway corridor. Soil moisture 
content and machine bucket capacity influenced earthmoving productivity based on the 
author's observations. Hauling distance for off-site earthmoving projects was important 
factor influencing production rate. Bucket capacity, hauling distance, and number of passes 
were identified as significant factors for earthmoving based on statistical analysis. 
In the research, contract duration of urban interchange construction was not required 
for completion within a specific duration because the bridge construction was included in the 
projects and was constructed more intensively. The contract durations for the 35th West Des 
Moines and 42nd Des Moines Street projects were 130 days (about 172 business days) and 95 
days (about 138 business days), respectively (refer to Appendix G). According to the 
author's analysis, these periods could be reduced by 30% for each project if the contractor 
expedited the project. The contract durations for both projects could have been reduced to 
about 100 days for 35th Street project and about 72 days for 42nd Street project. The 
percentage of reduced duration in expedited interchange construction was differed based on 
project features. The increased cost by expedited interchange construction could be adjusted 
to a 20% to 30% increase of the normal construction. In addition, the premium cost would be 
less than that for other construction such as bridge and building construction, because 
interchange construction is more spatial than those and split by ramps. Thus, expedited 
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interchange construction can be an effective method to decrease construction duration. 
However, various construction management skills would be also required to acquire the 
expected completion duration. 
Several recommendations are proposed for better practice and future research: 
1. The information of present condition on earthmoving for each project should be 
encouraged to share since the earthmoving requires much collaboration among 
earthmoving contractors. 
2. It is necessary and possible to increase earthmoving productivity through reducing 
hauling distance. Developing suitable dump areas is important to achieve this. 
Dump areas should be as close and broad as possible. Stockpiling is also a good 
method to increase earthmoving production rate. 
3. The project manager should postpone earthmoving until moisture content of the 
soil is correct. High moisture content lead to lower production rate. It would be 
worth researching soil moisture content as a case study. 
4. The closing of four ramps for urban interchange construction is an alternative 
method to reduce construction duration. The method was partially executed in the 
42nd Street project. More research is needed to compare duration when all ramps 
are closed and when two ramps of normal practice in 1-235 are closed. 
5. For longer site trafficability to secure in urban interchange construction, 
earthwork and utility construction should be performed in an expedited method. 
That provides a better construction environment for overall activities on the site. 
6. Concurrent work at the both sides of the urban interchange can decrease 
mobilization cost and total construction duration. This is one cost advantage when 
expediting interchange construction. The additional equipment would not work at 
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the same spot, because they would be operated on opposite sides of the 
interchange. 
7. There was difficulty in coordinating several projects in terms of lane closures and 
pipe line management, as noted by several project inspectors. Utility construction 
in urban highway is generally a main concern as it can interfere with the forward 
movement of a project. In particular, such problems appear even in the design 
phase and post-construction phase. 
8. The existing information from building construction and other sectors of the 
construction industry are not an adequate reference to determine the premium cost 
in expedited interchange construction. Further research into more precise cost 
estimation in expedited interchange construction should be performed. The 
construction record of resource employment is required to achieve this. 
9. Loss of labor productivity was usually focused on estimating premium cost of 
expedited construction. However, loss of equipment productivity by more 
employment is also an important item to research with respect to urban 
interchange reconstruction. Labor and equipment inefficiency factors for urban 
highway interchange construction are worth additional study. 
10. For further research on the cost effect by expedited construction, on-site research 
could be used to gather more objective data on factors influencing expedited 
construction. However, the analysis is difficult due to many number of factors and 
combined factors; thus, thorough preplanning for research is required. 
11. A+B bidding would be required to have more realistic construction. $1,700 
benefit per day for advanced completion may help the contractor to enhance 
expediting an interchange project. Then, Iowa DOT will be able to expect more 
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precise project durations in expedited construction and come up with at least the 
minimum contract duration in normal construction. Competitive contracting can 
be more advantageous in this respect. 
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APPENDIX A. GLOSSARY 
Most of the definitions in this appendix come from "Project Guide Line, Appendix A— 
Glossary" [31]. The rest was referred from "Cambridge Dictionary" [32] and "Innovative 
Contracting Techniques that Consider Driver Impacts Use of A+B Bidding' [33]. 
A+B Bidding—A bidding method that includes both cost and time in low bid determination, 
A means that $ amount of work to performed and B is number of calendar days bid to 
complete the work X user delay cost. Lowest A+B is awarded the contract. 
Acceleration—Completion of the contract work or part of the contract work at a more rapid 
rate than required by the contract 
Activity—An element of work performed during the course of a project. An activity 
normally has an expected duration, an expected cost, and expected resource requirements. 
Activities are often subdivided into task. 
Bar Chart—A graphic display of schedule-related information. In the typical bar chart, 
activities or other project elements are listed down the left side of the chart, dates are shown 
across the top, and activity durations are shown as date-placed horizontal bars. (PMBOK) 
Baseline Schedule (Contractor's Original Schedule)—The original plan against which your 
progress is measured. The baseline represents the original plan at the onset of the project of 
what you expect to happen. The baseline is saved once the schedule is presented to the 
stakeholders and other interested parties, and has been agreed to by all parties. 
Critical Path Method (CPM)—A network analysis technique used to predict project duration 
by analyzing which sequence of activities (which path) has the least amount of scheduling 
flexibility (the least amount of float). Early dates are calculated by means of a forward pass 
using a specified start date. Late dates are calculated by means of a backward pass starting 
from a specified completion date (usually the forward pass' calculated project early finish 
date). 
Duration—The number of working days (not including holidays or other nonworking 
periods) to complete an activity or other project element. Sometimes incorrectly equated with 
elapsed time. 
Earthmoving—Earthmoving may include site preparation, excavation, embankment 
construction, backfilling, dredging, subgrade, and subbase, and compaction. 
Estimate—An assessment of the likely quantitative result. Usually applied to project costs 
and durations and should always include some indication of accuracy (e.g., +/- x percent). 
Usually used with a modifier (e.g., preliminary, conceptual, feasibility). Some application 
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areas have specific modifiers that imply particular accuracy ranges (e.g., order-of-magnitude 
estimate, budget estimate, and definitive estimate in engineering and construction projects). 
Factor—A fact or situation which influences the result of something [32]. 
Milestone—A significant event in the project, usually the completion of a major deliverable 
or stage. 
Milestone Schedule—A summary-level schedule, which identifies the major milestones. 
Predecessor—Activities that are required for the start of a given activity is know as 
predecessor. Predecessors are added using the Detailed Predecessor Form. Every activity 
must have a predecessor except project start. 
Productivity—The ratio of the output produced to the resources used in its production. 
Preliminary Schedule—Initial schedule prior to the baseline schedule reflecting how the 
contractor plans to proceed with constructing a project. 
Project Manager—The individual appointed and given responsibility for management of the 
project. 
Project Schedule—The planned dates for performing activities and meeting milestones. 
Successor—Activities that follow a given activity are known as successors. Successors are 
added using the Detailed Successor Form. Every activity must have a successor except 
project complete. 
Updated Schedule—A schedule that truly reflects the current means and method how the 
project is progressing. 
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APPENDIX B. 1-235 PAVING PROCESS 
Introduction 
The main objective in any pavement reconstruction operation is to provide a new, 
high quality pavement to the public with the least cost and inconvenience. Urban highway 
paving reconstruction has become one of the most challenging design and public relation 
problems. Paving process in the 1-235 project is complicated because designers or contractors 
must consider traffic control, adjustment of scheduling to accommodate bridge construction, 
and complications in material hauling process caused by traffic. 
The purpose of this appendix is to provide concise scheduling information about how 
to schedule paving in urban highway project. By providing the pictures of the site, quantities, 
and several schedules, the readers (contractors and engineers) will be able to improve their 
plans for urban freeway paving projects. This appendix mainly describes the paving 
procedure at 35th Street project and 19th Street projects. 
Pavement Types and Procedure Used At 1-235 
For the observed projects, PCC (Portland Cement Concrete) paving process was 
mainly used for mainline and approach road construction while HMA (Hot Mixed Asphalt) 
was used for ramp construction. The difference in paving procedure is not significant until 
the subbase is completed. Simplified procedures can be described as, in order, earth work, 
subgrade, subbase, trimming, machine paving, and hand-paving. 
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PCC Machine Pavement 
Staking is an important preconstruction operation for paving procedure because it 
provides reference points from which the contractor sets the string lines to control grade 
paving and trimming operation. It is usually contractor's responsibility, but inspector must 
understand the purpose and method. Construction stake is used as guidance for the equipment 
to trim grade as well as base, place concrete, and construct texture. The work is started by 
construction survey crew by setting paving hubs at certain intervals and referring elevation 
[34, 35]. 
Subgrade is the soil that the pavement is built on. It is normally well compacted to 
prevent settlement of the pavement and determines the thickness of pavement. The following 
step is proof rolling prior to trimming one week after sub grade. Before trimming the 
subgrade, workers should measure any manholes and water valves or clean-outs must be 
located and raised after paving. Subgrade materials are usually select soil, special backfill, 
polymer grid, and fly ash. If possible, the use of select soil select is recommended by Iowa 
DOT because the cost is 6 times less than that of special backfill. For instance, using on-site 
soil may cost approximately $2.50/cubic yard while special backfill may cost $16.00/ton. 
Suppose that thickness is 2.0 feet and total quantity is 12,906 cubic yard, then the cost of on-
site soil use is $32,605, but use of special backfill may cost $180,087 [35]. 
As a case study, a finegrading (trimming) operation at the 19th Street Project was 
monitored from Station 16+60 to 18+20, which is 160 m long. The crew size was 4 people 
with a superintendent, a trimmer operator, a dump truck operator, and a measurer. The lane 
with 4.65 m wide and 160 m long was trimmed for four hours. One cycle time composed of 
trimming, and dumping required ten minutes (Figures B.l and B.2) 
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Figure B.l. 19th Street project staging map & the station 16+60 to 18+20 [11] 
One important issue for production rate of trimming is the smoothness of surface after 
subgrade. The time consumed by irregular ground condition would fairly affect the general 
production rate of trimming according to the interview with the superintendent of the site. 
For example, 6 hours of trimming irregular ground can be decreased to 3 hours if the regular 
ground were maintained smoothly. 
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Figure B.2. Trimming at 19th Street interchange project & hauling to the dump truck 
The subbase and base are composed of layers of materials used between the subgrade 
and the pavement. The procedure may or may not be required in any particular location. 
Typical examples of materials used are granular subbase, modified subbase, special backfill, 
asphalt treated subbase, and crushed stone [34, 35]. Granular subbase and modified subbase 
were usually used in 1-235 urban highway reconstruction because crushed particles were 
readily obtained from pavement removal. 
In the paving process, the production rate of slipform pavement was 4.5 hours for the 
paving of 4.65-meter-wide and 160-meter-long lane. Thus, it took 9 hours for the contractor 
to complete the paving of two lanes. Figure B.3 provides the information to visualize the 
condition of the site. 
The paving train consisted of several machines performing a series of operations such 
as spreading, finishing, texturing, and curing. Sometimes a spreader was used ahead of the 
paver to alleviate the hydraulic pressure created by the concrete on the paver and to maintain 
uniformity in the concrete surface placed. 
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Figure B.3. 19th Street slipform paving section (160 m) 
The location of the concrete plant in the project was one of the most important 
decisions that the planner had to make in the resource provision stage. Thus, considerations 
about central mix plant were space availability, environmental regulations, access to haul 
roads, and the distance from the paving site [34]. 
Table B.l shows the crew sizes and the production rate for PCC pavement procedures 
for 160 meters observed by the author. Each procedure is dependent so most of them were 
performed at the same time. In scheduling for the processes, each activity was considered to 
overlap. Mobilization for the equipment was also important to affect the general construction 
duration. For example, delivery of paving train to a site took for 4 hours and its on-site 
moving speed was 35 feet/minute. 
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Table B.l. Procedure of PCC machine pavement (150mx9.3m) [26] 
Task Explanation Equipment Hour 
1. Forming The setting of wood, steel side form or 
slip forms to contain the plastic concrete None 2 
2. Finegrading 
(trimming) 
The underlying substrate to the precise 
elevation of the bottom of the slab Trimmer 6 
3. Setting dowel 
bar 
Assembles so called dowel baskets at 
proper intervals, if required. None 4 
4. Moistening Wetting the subgrade Road sprinkler Keeps ahead 
of paving train 
5. Spreading the 
concrete 
Roughly across the width of the slab and 
to the proper depth Slip-form paver 8 
6. Mesh 
placement 
If either is specified. 
Not usually required in 1-235. N/A 4 
7. Slipform 
paving Slip-form paver 8 
8. Finishing 
9. Texturing and 
curing 
The surface to the specified smoothness 
The surface to affect anti-skid properties 
by spraying a film of curing compound 
over the pavement 
Transverse 
screeds 
Tinning 
machine 
The same time 
with spreading 
concrete 
30 
10. Cleaning 
surface Blow debris away with air jet Air compressor 2 
11. Sawing Cutter, transverse and longitudinal joints Concrete saw, diamond blade 4 
12. Sealing Joints If required Joint sealer 4 
Notes: (1) Production of concrete by batch plant was not included; (2) 5,6,7, and 8 are 
performed at the same time. 
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Utility, staging and access, stop and go working were more challenging works that 
affect production rate in paving process of urban highway construction. Property owners and 
traveling public would be problem for retarding paving construction [35]. 
To solve these problems, field inspector or engineer need to take care of following: 
1. Make everyone aware of potential conflict before construction begins 
2. Moving utilities should be taken care of. 
3. Joint Matching 
4. Plan checking versus elevation of existing way 
The pictures through Figure B.4 to B.12 illustrate PCC paving procedure from 
trimming to sealing joint. Table B.l and B.2 provide the procedure of PCC paving when 
using slipform paver. The tables show each task in terms of the employed equipment, 
duration, crew size, and production rate. 
•
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Figure B.4. Trimming 
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Figure B.5. Setting dowel bar assemblies ("basket") 
Figure B.6. Placing concrete 
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Figure B.7. Spreading by slip-form paver 
Figure B.8. Finishing 
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Figure B.9. Texturing 
Figure B.IO. Curing 
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Figure B.ll. Sawing 
Figure B.12. Joint sealing 
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Table B.2. Procedure, crew size, and production rate of PCC machine paving in 35th Street interchange reconstruction 
project (155mxl8.2) 
No Task 
Super-
indendent 
/ Foremen 
Operators Drivers , Skilled Finishers , , laborers 
Unskilled A. , 
, , Mechanics laborers Total 
Duration 
(hr) 
1 Concrete batching 1 3 1 1 6 3 
2 Base course (backfill) 1 3 2 1 7 5 
3 Survey/string line 1 1 2 4 2 
4 Trimming/fine grading 1 4 1 2 8 5 
5 Setting dowel bar 1 3 4 8 5 
6 Concrete mixture hauling 13 13 8 
7 Paving 1 3 4 4 5 17 10 
8 Saw cutting 0.5 2 2.5 4 
9 Sealing 5 2 7 4 
10 Profilometer 0.5 2 2.5 2 
11 Grinding 0.5 1 1.5 2 
12 Shoulder backfill 1 2 1 1 5 4 
Total 13.5 15 14 4 19 15 1 81.5 54 
Mainline paving (10-hr working) 10 
35th Street mainline paving (155m) - 155m*18.2*0.26m 
Place in concrete (m3) 733.46 
Concrete paving thickness(m) 0.26 
Production rate (m3/day) Manatts 400 ISU 
observation 733 
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PCC Hand Paving 
In this part, Iowa State University researchers explain the process of hand paving. 
Hand paving is mainly performed in the narrow or short sections where slip form pavers can 
not be used, such as bridge approach panels, curb and gutter, driveway, sidewalks, side road 
intersections, and turn lane tapers [35]. 
The numbers in Figure B.13 show which sections were handpaved and in what order 
the work was performed in the 35th Street interchange construction. The number 1 presents 
the main line of 35th Street, where paving machine was used. The rest of the sections were 
handpaved. Handpaved sections are at approach panel to bridge numbered from 7 to 10, 
approach panel to Ramp A from 3 to 6, and the curb and gutter from 2 to 3. These numbers 
also indicate the order of hand paving procedure. 
The hand paving production rate is much less than machine paving production rate 
because machines are faster and the areas of hand pavement are irregularly shaped, small, 
and in need of formwork. Form work should be done by hand. Thus, the duration for 
formwork is almost same as that of the paving. Additionally, curing time requires at least 30 
hours after paving. 
The description for each number (Figure B.13 and B. 14) is as followed. 
1. Machine paving section: In this part machine paving was performed for 5 days-
subbase (3 labors crews), trim (5-6 crews), set up baskets (5-7 crews), and pave 
(15 crews). The number of operators was not included. The numbers from 2 to 10 
were hand-paved comprising curb and gutter, and approach panel. More 
information is available in machine paving (Table B.2). 
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2. The number 2 was placed by 3 crews for 3 hours. 
3. Curb and gutter paving was performed by slipform paver for approximately two 
days. At the same time, approach panel to ramp, number 3 was performed while 
doing curb and gutter. 
4. Numbers 3 to 6 in the approach section connected with Ramp A were performed 
in one day because grading, forming, pouring, and curing time for each section 
are necessarily required, even if the each size of area is fairly small. 
5. The sections 6-1 were finished one after another after completion of number 4. 
6. The duration from 7 to 10 was a half day for each approach panel because number 
7 and 9 or 8 and 10 were paved together in the day by approximately 10-12 
crews. 
As the procedure of hand paving was previously described, hand paving was 
performed for at least 4 working days for completion with regular crew size. Such a small 
area should be divided into several sections that cannot be completed at once. Joint to make 
form separately, upper part of intakes and curing time are all constraints leading to low 
production rate. 
Table B.3 provides more detailed information about activities, crew sizes, duration, 
and productivity. The information is based on 35th Street hand paving process so readers can 
refer to Figures B.13 and B. 14 for more information. 
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Curb and gutter for 
machine paving 
Figure B.13. Hand-paving section of 35th Street WDsM project 
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Figure B.14. Procedure of hand-paving project at 35th Street project (numbers on the 
pictures correspond with the numbers in Figure B.13) 
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Table B.3. General information about activities, crew sizes, duration, and productivity in 35th Street hand-paving project 
35th Street project hand paving 
Super-
indendent 
/ Foremen 
Operators Drivers Finishers Skilled laborers 
Unskilled 
laborers 
Total 
crew 
Working 
hours 
Total 
hours 
Concrete mixture hauling 1 1 10 3 
Forming 1 1 2 3 7 3 30 
Baskets (only for bridge approach 1 1 2 4 1 4 panel) 
Paving (curb & gutter) 1 1 2 4 8 10 13 
Paving (approach panel) 1 2 3 4 10 3 12 
Saw cutting 0.25 1 0 1.25 2 2 
Sealing 0.25 2 2.25 2 2 
Profilometer (with mainline at the 
same time) 0.25 2 2.25 1 1 
Grinding (if required) 0.25 1 1.25 1 1 
Total 5 1 1 4 13 13 37 27 65 
Bridge Ramp Curb 
Hand-paving 10 sections Total Section 
approach 
section 
7 to 10 
approach 
section 
3 to 6 
& Gutter 
section 
2 and 6-1 
Total 
Place in concrete (m3) 10 145.6 97.5 5.2 248.3 
Concrete paving thickness(m) 026 
Production rate (m3/day) Manatts data 40 
ISU 
observation 38 
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Production Rate of Pavement 
The total volume of the 35th Street on Ramp A side is about 735 m3 (155 mxl8.2 
mx0.26 m). Table B.4 compares to compare the production rate of paving among the 
mainline, intermediate, and hand paving based on interviewing with contractors on 1-235 
reconstruction in Des Moines. 
As can be seen in the Table B.4, PCC paving production rate are described based on 
I SU researcher's site observation, Means cost data [19], and Iowa DOT standard production 
rate. 
Table B.4. Production rate comparison [19] 
Bid Item Unit Rate/Day Reference Remark 
Longitudinal subdrain m 1,000 DOT Standard Production Rate 
Finegrading for subgrade and subbase by 
grader m
2 2,926 Means Book 
Trimming for subbase m2 1,120 ISU observation 
Mainline paving (highway) m3 418 Means Book 0.26 m thickness 
PCC(Rural) m3 884 DOT Standard Production Rate 
0.26 m 
thickness 
Hand-paving m3 115 Means Book 
Hand-paving m3 40 Manatts 
Hand-paving (curb and gutter) m3 44 ISU observation 
Hand-paving (approach panel to ramp) m3 49 ISU observation 
Hand-paving (approach panel to bridge) m3 73 ISU observation 
Forming (curb and gutter) m 114 ISU observation 
Removal of pavement < 16000 m2 800 DOT Standard Production Rate 
Removal of pavement > 16000 m2 3,400 DOT Standard Production Rate 
Pavement markings m 15,000 DOT Standard Production Rate 
Longitudinal joint repair m 1,000 DOT Standard Production Rate 
35th Street (HMA) m3 510 ISU observation 
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HMA Pavement Procedure and Scheduling 
In Chapter 4, the scheduling of ramp construction of 35th Street grading and paving 
was described. Among those four ramps, Ramp C was firstly completed. Through more than 
30 site visits over 6 months, the process of ramp construction could be described with the 
pictures below. These pictures (Figures B. 15 to B.22) provide clearer idea about how ramp 
construction was processed. 
Figure B.15. Excavation (4/16/03) 
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Figure B.16. Fill (5/8/03) 
Figure B.17. Compaction by sheepfoot (5/29/03) 
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Figure B.18. Subgrade (6/5/03) 
Figure B.19. Subbase (6/14/03) 
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Figure B.20. HMA paving (6/18/03) 
Figure B.21. Four layers of paving (7/3/03) 
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Figure B.22. Ramp C open (7/12/03) 
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One Tip to Reduce Cost of Pavement at the Design Phase [26] 
When estimating paving, if an HMA paving project is in a colder climate and done 
through the following spring, placing the base course in autumn should be kept in mind, then 
paving it in the spring. This could save considerable cost in spring repair or even later. Also, 
general price of concrete and asphalt are more expensive in the cold seasons. As an example 
of this, the University Avenue to Guthrie Avenue on 1-235 reconstruction project was applied 
to decrease the cost the above described (Figure B.23). 
Figure B.23. PCC paving done at University to Guthrie (10/17/2003) and asphalt paving 
done after winter season in April 2004 
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APPENDIX C. RESOURCE SIZE FOR EACH TASK 
Table C.l. Crew size information 
Labor Crane Track hoe Loader Roller 
Skid 
steer 
loader 
Bulldozer Dump 
truck 
Milling 
machine Grader 
Slip-
form 
paver 
Trimmer 
Ready 
mixed 
truck 
Driller 
Concrete 
pump 
truck 
Demolition for bridge 9 2 5 2 1 1 10 
Piling 5 1 1 
Excavating for abutment 3 
Pouring for abutment 8 1 1 
Drilling to remove the central 
pier 2 
Boring for pier 6 
Tying steel for pier 5 
Forming 7 2 1 1 
Sheet piling 3 1 1 
MSE wall 7 2 2 1 
MSE wall coping 8 
MSE wall compaction 3 1 1 
Steel girder setting 3 1 
Concrete girder setting 6 3 
Concrete placement for 
bridge deck 10 1 1 
Stripping the edge for the 
deck 8 1 
Approach road (expedited) 14 1 1 1 2 
Approach road (normal) 6 1 1 1 
Drive way and side walk 7 
Trimming for pavement 7 2 1 1 1 1 1 
Barrier wall 8 2 1 
Grading 5 1 2 1 2 
Cleaning 3 1 
Manhole for storm sewer 7 
Utility for water piping 4 1 1 
Retain wall for widening 10 2 1 1 2 1 1 
Soil nail wall 9 2 2 2 1 1 1 
Form work for retain wall 12 1 2 1 
Note: Crew and equipment sizes are based on site visit of 1-235 DsM reconstruction. 
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APPENDIX D.LIST OF CIRCUMSTANCES DELAYING CONSTRUCTION 
The cases of the 1-235 projects were mainly subjected to the following: 
a. Lawsuit (19th St. bridge and paving, MLK and Cottage Grove) 
b. Right of way acquisition (MLK and Cottage Grove) 
c. Delay of material delivery (pedestrian bridge) 
d. New construction try out (Des Moines River Bridge, retaining wall at E. 9th to E. 
Sts.) 
e. Design changes (utility work at the 42nd St bridge reconstruction) 
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APPENDIX E. EARTHMOVING RAW DATA FOR TIME STUDY 
These are all included raw data for earthmoving production rate analysis. The 
numbers in the first row shows number of loading passes and those in the first column 
present truck hauling times after several loadings. Truck sizes was all assumed to be 15 tons 
and loading equipment to be excavator, track loader, and wheel loader. Material loaded is 
described on the name of each table. 
Table E.l. Loading cycle time for earthmoving 
1 2 3 4 5 6 7 8 9 Date Projects analyzed 
1 140 85 30 160 2/26/2004 Polk to 42nd St. pipe line 
2 60 30 65 60 90 50 74 40 40 Polk to 42nd St. pipe line 
3 50 37 27 43 41 50 Polk to 42nd St. pipe line 
4 30 32 30 40 45 35 Polk to 42nd St. pipe line 
5 74 40 50 40 Polk to 42nd St. pipe line 
6 81 30 34 54 35 52 Polk to 42nd St. pipe line 
7 90 69 41 30 44 35 Polk to 42nd St. pipe line 
8 45 45 48 Polk to 42nd St. pipe line 
9 10 30 22 27 26 24 4/13/2004 42"d St. 
10 6 23 12 19 15 24 42"d St. 
11 17 12 21 9 14 42"d St. 
12 8 10 17 10 21 7 42"^ St. 
13 6 16 19 12 11 23 42"^ St. 
14 3 17 20 17 25 13 42"^ St. 
15 12 19 14 13 27 29 42"^ St. 
16 14 11 21 24 18 18 42"^ St. 
17 7 21 22 23 27 22 42"d St. 
18 4 28 22 20 21 13 41 42"^ St. 
19 2 25 23 18 22 8 42"^ St. 
20 8 24 18 23 22 17 42"d St. 
21 17 35 32 38 36 32 7/17/2004 42nd St. Ramp b 
22 12 34 47 39 34 42nd St. Ramp b 
23 8 36 25 24 31 42nd St. Ramp b 
24 27 32 45 46 42nd St. Ramp b 
25 26 15 32 32 28 42nd St. Ramp b 
26 35 33 24 25 29 33 42nd St. Ramp b 
27 45 33 28 29 24 42nd St. Ramp b 
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28 18 37 46 27 42nd St. Ramp b 
29 28 28 24 26 38 42nd St. Ramp b 
30 20 45 27 34 25 5/21/2004 14th St. 
31 25 15 27 30 27 14th St. 
32 6 95 25 30 40 14th St. 
33 75 25 30 30 40 14th St. 
34 5 25 27 22 14th St. 
35 87 28 25 31 14th St. 
36 27 29 30 26 34 14th St. 
37 33 27 27 38 14th St. 
38 20 38 32 14th St. 
39 38 22 30 32 28 23 14th St. 
40 20 46 24 14th St. 
41 10 21 23 27 25 14th St. 
42 9 32 22 22 30 14th St. 
43 8 27 21 25 20 14th St. 
44 14 23 22 37 20 14th St. 
45 28 38 23 25 14th St. 
Table E.2. Loading cycle time for scrap steel (MLK Street project) 
4/3/2004 1 2 3 4 5 6 
1 120 53 123 322 
2 146 101 55 80 206 
3 180 80 180 
4 120 100 130 93 
5 172 180 75 
6 16 172 56 128 31 81 
7 135 170 80 71 79 
8 156 94 220 
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Table E.3. Loading cycle time for concrete debris hauling (42nd Street project) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 85 90 75 64 90 70 80 84 70 152 71 -134 
2 -360 35 35 35 18 29 -902 120 120 120 120 -279 93 74 95 45 86 84 75 175 175 220 
3 60 45 35 50 40 27 -310 85 60 74 83 81 -552 147 53 35 52 
Note: Negative value presents idel time. 
Table E.4. Loading cycle time for concrete debris hauling 
4/3/2004 1 2 3 4 5 6 7 
1 10 78 53 68 54 78 
2 43 83 40 42 29 32 
3 10 35 31 35 44 
4 13 72 29 46 50 
5 2 26 21 26 31 52 
6 5 49 39 71 51 
7 17 18 45 43 37 
8 5 60 63 57 45 
9 5 50 63 61 
10 5 37 47 
11 5 62 176 69 
12 10 22 73 55 
13 6 41 55 43 
14 60 87 70 71 
15 5 68 37 70 80 40 
16 20 30 30 60 66 
17 21 20 39 30 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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247 47 63 
10 41 30 39 35 
120 69 85 62 83 100 
6 21 37 41 30 
10 33 17 30 30 30 
7 38 35 33 22 37 
10 31 28 37 35 74 
30 23 42 75 107 
10 104 120 95 39 40 
10 48 80 32 43 
10 40 40 50 40 
45 63 63 65 45 
8 57 55 30 42 28 
20 40 40 70 
50 40 30 
30 27 153 
45 76 24 94 46 50 
30 40 46 
10 80 50 110 70 
35 57 35 37 
45 50 60 35 45 40 
35 55 55 90 
43 63 67 160 40 32 
54 37 59 50 40 35 
55 55 80 130 40 90 
174 
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APPENDIX F. EARTHWORK PRODUCTION RATE DATA ON 1-235 
RECONSTRUCTION (INFORMATION FOR TABLE 3.2) 
Table F.l. DOT historic earthwork production rate (rural) [2] 
Previous 
projects 
(rural) 
Working period, rural 
projects (days) 
Quantity 
(m3) Quantity (yd
3) Production rate (yd3/day) 
1 3 1,529 2,000 667 
2 5 2,293 3,000 600 
3 7 3,058 4,000 571 
4 10 3,822 5,000 500 
5 13 7,644 10,000 769 
6 13 22,932 30,COO 2,308 
7 14 15,288 20,000 1,429 
8 17 13,759 18,COO 1,059 
9 17 19,110 25,000 1,471 
10 21 76,441 100,000 4,762 
11 26 38,220 50,000 1,923 
12 38 84,085 110,000 2,895 
13 42 53,509 70,000 1,667 
14 43 160,526 210,000 4,884 
15 47 183,458 240,000 5,106 
16 53 187,280 245,000 4,623 
17 63 191,102 250,000 3,968 
18 61 229,323 300,000 4,918 
19 62 290,475 380,000 6,129 
20 85 305,764 400,000 4,706 
21 92 382,205 500,000 5,435 
22 100 405,137 530,000 5,300 
23 73 443,357 580,000 7,945 
24 78 451,001 590,000 7,564 
25 109 496,866 650,000 5,963 
26 125 558,019 730,000 5,840 
27 125 573,307 750,000 6,000 
28 135 741,477 970,000 7,185 
29 100 863,782 1,130,000 11,300 
30 81 998,285 1,305,956 16,123 
31 223 1,108,393 1,450,000 6,502 
Total 1,881 8,911,448 11,657,956 6,198 
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Table F.2.1-235 reconstruction earthwork production rate (urban) 
Working period, 
1-235 (days) 
Working period, 
rural projects 
(days) 
Quantity (m3) Quantity (yd3) Production 
rate (yd3/day) 
42nd St., WDsM 33 16,021 20,959 635 
Polk 24 8,706 11,389 475 
MLK - Cottage G & P 53 10,448 13,668 258 
E. 6th Penn Ave. 79 111,000 145,210 1,838 
E. 9th St. bridge 15 9,778 12,792 853 
Univ. to Guthrie 81 148,130 193,784 2,392 
Euclid Ave. 63 47,730 62,441 991 
MLK G & P Univ. int. 20 13,601 17,792 890 
35th St. int. 99 151,838 198,635 2,006 
19th St. int. 64 51,703 67,638 1,057 
Paving at 2nd, 3rd 38 45,849 59,979 1,578 
HMA mainline 50 to 73 21 13,113 17,154 817 
14th, 15th 19 8,490 11,107 585 
Total 609 636,407 832,548 1,367 
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Table F.3. Structural earthwork production rate 
Cottage grove MLK Pedestrian University 
(304) (306) (327) (338) 
Earthwork duration 
(CL 10 rdwy & borrow) 4 8 9 10 
Quantity (m3) 540 6,102 1,618 5,986 
Quantity (yd3) 706 7,982 2,116 7,831 
Production rate (yd3/day) 177 998 235 783 
Table F.4. Culvert extension earthwork production rate 
Culvert extension 
35^(373) 
Culvert extension 
28 to 22 (376) 
Culvert extension 
56& 
Earthwork duration 
(CL 10 Rdwy & Borrow) 3 3 6 
Quantity (m3) 125 608 3146 
Quantity (yd3) 164 795 4116 
Production rate (yd3/day) 55 265 686 
Table F.5. 42nd West Des Moines (272) earthwork duration 
IDR Date Project Item Description 
3/7/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
4/4/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/20/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/21/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/22/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/24/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/30/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/30/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/31/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
5/31/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
6/7/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
6/7/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
7/9/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
7/19/2002 77-2352-272 CL 10 EXCAVATION RDWY+BORROW 
4/25/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/6/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/7/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/7/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/8/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/9/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/10/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
8/16/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
9/20/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
9/21/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
9/21/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
9/24/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
9/25/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
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Total Qty Qty Posted Station Station 
i3) (m3) From To 
7176 243 0+000 0+000 
7176 63 0+000 0+000 
7176 399 0+000 0+000 
7176 602 0+000 0+000 
7176 329 0+000 0+000 
7176 595 0+000 0+000 
7176 297 0+000 0+000 
7176 105 0+000 0+000 
7176 72 0+000 0+000 
7176 21 0+000 0+000 
7176 168 0+000 0+000 
7176 203 0+000 0+000 
7176 175 0+000 0+000 
7176 3904 0+000 0+000 
8845 243 0+000 0+000 
8845 210 4434+015 4434+025 
8845 70 0+000 0+000 
8845 350 4434+015 4434+025 
8845 882 0+000 0+000 
8845 230 4434+085 4434+095 
8845 305 4434+085 4434+095 
8845 469 0+000 0+000 
8845 294 0+000 0+000 
8845 150 4433+005 4433+060 
8845 700 0+000 0+000 
8845 742 0+000 0+000 
8845 168 0+000 0+000 
Duration 
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9/26/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
10/1/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
10/7/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
11/6/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
11/14/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
11/14/2002 77-2352-275 CL 10 EXCAVATION RDWY+BORROW 
Total 
8845 76 4435+010 4435+070 
8845 560 0+000 0+000 1 
8845 75 4433+005 4433+090 
8845 387 0+000 0+000 1 
8845 27 0+000 0+000 
8845 2907 0+000 0+000 3 
16025 16025 33 
Table F.6. Polk Blvd. (295) earthwork duration 
IDR Date Project Item Description Total Qty (m3) 
Qty Posted 
(m3) 
Station 
From 
Station 
To 
4/24/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 243 0+000 0+000 
6/24/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 561.200 11085+035 11085+050 
6/25/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 146.400 11085+035 11085+050 
6/27/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 469.700 11085+040 11085+055 
7/16/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 549 54201+087 54202+020 
7/17/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 445.300 54201+087 54202+020 
7/18/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 457.500 54201+087 54202+020 
7/19/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 463.600 54201+087 54202+020 
7/21/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 359.900 54201+087 54202+020 
7/22/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 524.600 54201+087 54202+020 
7/22/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 61 11085+095 11086+050 
8/21/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 189.100 54202+030 54202+075 
8/23/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 134.200 54202+030 54202+075 
9/3/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 134.200 54202+030 54203+009 
9/8/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 36.600 0+000 0+000 
9/25/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 359.900 54202+020 54203+009 
9/26/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 390.400 54202+020 54203+009 
9/27/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 555.100 54202+020 54203+009 
9/29/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 8706 579.500 54202+020 54203+009 
Duration 
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9/30/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 
10/1/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 
10/2/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 
10/3/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 
10/6/2003 77-2352-294-A CL 10 EXCAVATION RDWY+BORROW 
8706 585.600 54202+020 54203+009 
8706 445.300 54202+020 54203+009 
8706 512.400 54202+020 54203+009 
8706 378.200 54202+020 54203+009 
8706 124.300 54202+020 54203+009 
8706 8706 24 
Table F.7. E9th Street bridge (330) earthwork duration 
IDR Date Project Item Description Total Qty (m3) 
Qty Posted 
(m3) 
Station 
From 
Station 
To Duration 
4/1/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 111.500 549+033 546+059 1 
4/2/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 111.500 546+059 543+060 1 
4/3/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 111.500 545+054 548+029 1 
4/8/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 111.500 543+039 544+043 1 
10/1/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 1890 543+039 549+033 
10/10/2002 77-2352-326-A CL 10 EXCAVATION RDWY+BORROW 2594 258 543+039 549+033 1 
4/26/2002 77-2352-330-A CL 10 EXCAVATION RDWY+BORROW 7184 1280 29048+020 29048+032 1 
6/8/2002 77-2352-330-A CL 10 EXCAVATION RDWY+BORROW 7184 3320 0+000 0+000 
10/10/2002 77-2352-330-A CL 10 EXCAVATION RDWY+BORROW 7184 520 29048+020 29048+032 1 
2/26/2003 77-2352-330-A CL 10 EXCAVATION RDWY+BORROW 7184 2064 0+000 1 
Total 9778 9778 15 
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Table F.8. Euclid Ave. (359) earthwork duration 
IDR Date Project Item Description 
11/29/2002 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
11/29/2002 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
1/27/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
2/3/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
2/3/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
4/25/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
5/15/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
6/7/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
6/17/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
6/23/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
6/23/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
6/26/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
6/26/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
6/26/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
6/26/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
7/26/2003 77-2352-359 SPECIAL BACKFILL MAT'L 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
8/11/2003 77-2352-359 CL 10 EXCAVATION RDWY+BORROW 
Total Qty Qty Posted Station Station 
(m3) (m3) From To 
44398.420 619 38404+000 1 
44398.420 91.650 38404+000 1 
3360.830 268.700 38400+085 48400+045 1 
44398.420 348.400 38000+000 1 
44398.420 129.800 38001+025 38002+000 1 
44398.420 2431 604+000 
44398.420 267.400 38402+000 38404+000 1 
3360.830 684.200 38400+062 38405+019 1 
3360.830 306.270 38592+069 38595+010 1 
3360.830 518.670 38100+063 38104+042 1 
3360.830 125.950 38592+005 38595+010 1 
44398.420 1456.640 38401+035 38403+085 3 
44398.420 3272 38592+005 38595+010 5 
44398.420 557.700 37998+074 38000+043 2 
44398.420 2039.880 38100+063 38104+043 3 
3360.830 298.690 38401+045 38403+085 1 
44398.420 972.020 0+000 0+000 1 
44398.420 541.030 0+000 0+000 1 
44398.420 797.790 0+000 0+000 1 
44398.420 265.930 597+050 599+080 1 
44398.420 788.620 0+000 0+000 1 
44398.420 1403.010 0+000 0+000 1 
44398.420 1485.540 0+000 0+000 1 
44398.420 852.810 0+000 0+000 1 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/11/2003 77-2352-359 
8/23/2003 77-2352-359 
8/23/2003 77-2352-359 
8/23/2003 77-2352-359 
8/23/2003 77-2352-359 
8/28/2003 77-2352-359 
9/8/2003 77-2352-359 
9/12/2003 77-2352-359 
12/11/2003 77-2352-359 
3/4/2004 77-2352-359 
4/9/2004 77-2352-359 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
SPECIAL BACKFILL MAT'L 
SPECIAL BACKFILL MAT'L 
CL 10 EXCAVATION RDWY+BORROW 
SPECIAL BACKFILL MAT'L 
CL 10 EXCAVATION RDWY+BORROW 
CL 10 EXCAVATION RDWY+BORROW 
Total 
44398.420 1137.080 
44398.420 230.040 
44398.420 220.080 
44398.420 504.350 
44398.420 76.200 
44398.420 1109.240 
44398.420 350.620 
44398.420 953.970 
44398.420 238.420 
44398.420 532.650 
44398.420 710.930 
44398.420 394.310 
44398.420 669.410 
44398.420 137.550 
44398.420 944.510 
44398.420 452 
44398.420 742.770 
44398.420 883.560 
3360.830 435.330 
3360.830 363.830 
44398.420 9484.090 
3360.830 330.040 
44398.420 4306 
44398.420 2000.420 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
385094+040 38593+080 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
0+000 0+000 
38596+046 38598+050 
38599+000 38604+025 
37999+000 38003+000 
38297+036 38300+093 
0+000 0+000 
37998+070 39002+040 
47837.550 47730.100 
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Table F.9. Main Line Grading & Paving university Int earthwork duration 
IDR Date Project Item Description Current Vjty rosieu (m3) Remarks Duration 
3/26/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 1440 done 3/25/04 1 
3/29/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 1280 done 3/26/04 1 
3/30/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 896 done 3/29/04 1 
3/31/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 192 done 3/30/04 1 
4/2/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 960 done 4/1/04 1 
4/2/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 360 done 4/1/04 1 
4/5/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 118.500 done 3/31 1 
4/10/2004 77-2352-372 SPECIAL BACKFILL MAT'L 2438 1447.960 north connector 1 
4/15/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 977.600 8 hrs = load size 1 
4/16/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 855.400 7 hrs = load size 1 
4/19/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 244.400 2 hrs = load size 1 
4/22/2004 77-2352-372 GRANULAR BACKFILL 2629.400 192.358 P-87623 1 
4/22/2004 77-2352-372 GRANULAR BACKFILL 2629.400 128.497 S-87556 
4/22/2004 77-2352-372 GRANULAR BACKFILL 2629.400 791.935 P-87622 1 
4/30/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 736 92m3 / 8 hrs 1 
5/3/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 828 9hr / 92m3 1 
5/4/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 496 trucks 1 
5/5/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 496 TRUCKS 1 
5/13/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 110 05/11/04 1 
5/13/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 400 05/12/04 1 
5/17/2004 77-2352-372 CL 10 EXCAVATION RDWY+BORROW 41657 650 site 04 1 
Total 46724.400 13600.650 20 
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Table F.10. 35th Street interchange (340) earthwork duration 
IDR Date Project 
8/22/2003 77-2352-425 CL 
8/29/2003 77-2352-425 CL 
10/24/2003 77-2352-425 CL 
10/29/2003 77-2352-425 CL 
11/20/2003 77-2352-425 CL 
3/31/2003 77-2352-430 CL 
3/31/2003 77-2352-430 CL 
3/31/2003 77-2352-430 CL 
3/31/2003 77-2352-430 CL 
4/14/2003 77-2352-430 CL 
4/15/2003 77-2352-430 CL 
4/16/2003 77-2352-430 CL 
4/17/2003 77-2352-430 CL 
4/18/2003 77-2352-430 CL 
4/21/2003 77-2352-430 CL 
4/23/2003 77-2352-430 CL 
4/24/2003 77-2352-430 CL 
4/24/2003 77-2352-430 CL 
4/30/2003 77-2352-430 CL 
5/8/2003 77-2352-430 CL 
5/13/2003 77-2352-430 CL 
5/14/2003 77-2352-430 CL 
5/14/2003 77-2352-430 CL 
5/16/2003 77-2352-430 CL 
5/16/2003 77-2352-430 CL 
5/19/2003 77-2352-430 CL 
5/20/2003 77-2352-430 CL 
5/21/2003 77-2352-430 CL 
5/22/2003 77-2352-430 CL 
5/23/2003 77-2352-430 CL 
5/23/2003 77-2352-430 CL 
Item Description 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
Total Qty Qty Posted 
(m3) (m3) 
1712 315 
1712 252 
1712 800 
1712 300 
1712 45 
146341 60.750 
146341 60.750 
146341 60.750 
146341 60.750 
146341 1188 
146341 2142 
146341 2304 
146341 909 
146341 2394 
146341 1287 
146341 2304 
146341 2439 
146341 1000 
146341 927 
146341 1053 
146341 2358 
146341 1080 
146341 468 
146341 198 
146341 1440 
146341 1422 
146341 1539 
146341 1710 
146341 1458 
146341 1206 
146341 1170 
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5/27/2003 77-2352-430 CL 
5/27/2003 77-2352-430 CL 
5/28/2003 77-2352-430 CL 
5/28/2003 77-2352-430 CL 
5/29/2003 77-2352-430 CL 
5/30/2003 77-2352-430 CL 
6/2/2003 77-2352-430 CL 
6/2/2003 77-2352-430 CL 
6/3/2003 77-2352-430 CL 
6/5/2003 77-2352-430 CL 
6/6/2003 77-2352-430 CL 
6/10/2003 77-2352-430 CL 
6/12/2003 77-2352-430 CL 
6/12/2003 77-2352-430 CL 
6/13/2003 77-2352-430 CL 
6/16/2003 77-2352-430 CL 
6/17/2003 77-2352-430 CL 
6/17/2003 77-2352-430 CL 
6/18/2003 77-2352-430 CL 
6/18/2003 77-2352-430 CL 
6/19/2003 77-2352-430 CL 
6/19/2003 77-2352-430 CL 
6/20/2003 77-2352-430 CL 
6/23/2003 77-2352-430 CL 
6/25/2003 77-2352-430 CL 
6/25/2003 77-2352-430 CL 
6/25/2003 77-2352-430 CL 
6/30/2003 77-2352-430 CL 
6/30/2003 77-2352-430 CL 
6/30/2003 77-2352-430 CL 
7/1/2003 77-2352-430 CL 
7/2/2003 77-2352-430 CL 
7/2/2003 77-2352-430 CL 
7/3/2003 77-2352-430 CL 
7/7/2003 77-2352-430 SPI 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
10 EXCAVATION RDWY+BORROW 
ÏCIAL BACKFILL MAT'L 
146341 1800 1 
146341 1080 1 
146341 810 1 
146341 1170 1 
146341 1962 1 
146341 1998 1 
146341 765 1 
146341 477 
146341 774 1 
146341 1449 1 
146341 1134 1 
146341 513 1 
146341 1044 1 
146341 306 1 
146341 846 1 
146341 1116 1 
146341 1089 1 
146341 180 
146341 1269 1 
146341 420 
146341 1314 1 
146341 150 
146341 1449 1 
146341 1215 1 
146341 330 1 
146341 387 
146341 585 
146341 225 1 
146341 522 
146341 348 
146341 1296 1 
146341 1278 1 
146341 270 
146341 1539 1 
10615.598 729.542 1 
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7/21/2003 77-2352-430 CL 
7/21/2003 77-2352-430 CL 
7/22/2003 77-2352-430 CL 
7/22/2003 77-2352-430 CL 
7/23/2003 77-2352-430 CL 
7/23/2003 77-2352-430 CL 
7/24/2003 77-2352-430 CL 
7/24/2003 77-2352-430 CL 
7/25/2003 77-2352-430 CL 
7/25/2003 77-2352-430 CL 
7/28/2003 77-2352-430 CL 
7/29/2003 77-2352-430 CL 
7/30/2003 77-2352-430 CL 
7/31/2003 77-2352-430 CL 
8/1/2003 77-2352-430 CL 
8/4/2003 77-2352-430 CL 
8/4/2003 77-2352-430 CL 
8/5/2003 77-2352-430 CL 
8/6/2003 77-2352-430 CL 
8/7/2003 77-2352-430 CL 
8/12/2003 77-2352-430 CL 
8/13/2003 77-2352-430 CL 
8/13/2003 77-2352-430 CL 
8/13/2003 77-2352-430 CL 
8/13/2003 77-2352-430 CL 
8/13/2003 77-2352-430 CL 
8/20/2003 77-2352-430 CL 
8/25/2003 77-2352-430 CL 
8/25/2003 77-2352-430 CL 
8/27/2003 77-2352-430 CL 
8/28/2003 77-2352-430 CL 
8/28/2003 77-2352-430 CL 
8/28/2003 77-2352-430 CL 
8/29/2003 77-2352-430 CL 
9/3/2003 77-2352-430 CL 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
146341 990 
146341 558 
146341 315 
146341 342 
146341 1350 
146341 900 
146341 1512 
146341 930 
146341 1440 
146341 1377 
146341 1224 
146341 1809 
146341 1512 
146341 1458 
146341 1188 
146341 1188 
146341 1080 
146341 1071 
146341 819 
146341 882 
146341 225 
4767.600 792 
4767.600 450 
4767.600 792 
4767.600 990 
4767.600 350 
146341 330 
146341 390 
146341 20000 
146341 540 
146341 495 
146341 240 
146341 630 
146341 720 
146341 612 
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9/5/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 882 1 
9/5/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 774 1 
9/8/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 438 1 
9/12/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 270 1 
9/16/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 1170 1 
9/22/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 4767.600 1021 1 
9/22/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 4767.600 372.600 
10/2/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 342 1 
10/2/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 180 
10/2/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 360 
10/7/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 441 1 
10/8/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 576 1 
10/9/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 882 1 
10/29/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 180 1 
11/10/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 10000 1 
11/12/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 1000 1 
11/25/2003 77-2352-430 CL 10 EXCAVATION RDWY+BORROW 146341 19370 1 
Total 153550 105 
Table F.ll. 35th Street noise wall (325) earthwork duration 
IDR Date Project Item Description Total Qty (m3) 
Qty Posted 
(m3) Duration 
8/22/2003 77-2352-425 CL 10 EXCAVATION RDWY+BORROW 1712 315 1 
8/29/2003 77-2352-425 CL 10 EXCAVATION RDWY+BORROW 1712 252 1 
10/24/2003 77-2352-425 CL 10 EXCAVATION RDWY+BORROW 1712 800 1 
10/29/2003 77-2352-425 CL 10 EXCAVATION RDWY+BORROW 1712 300 1 
11/20/2003 77-2352-425 CL 10 EXCAVATION RDWY+BORROW 1712 45 1 
Total 1712 5 
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Table F.12. 19th Street interchange (449) earthwork duration 
IDR Date Project Item Description 
6/19/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/19/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/19/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/22/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/23/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/24/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/25/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/27/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
6/30/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/1/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/2/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/3/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/7/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/12/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/14/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/16/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/17/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/18/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/24/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/25/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/28/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/30/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
7/31/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/4/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/5/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/6/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/7/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/8/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/19/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/20/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
8/20/2003 77-2352-449 CL 10 EXCAVATION RDWY+BORROW 
Total Qty Qty Posted Station Station 
i3) (m3) From To 
51703 846 511+040 513+095 
51703 306 511+040 513+095 
51703 1116 511+040 513+095 
51703 103.700 515+048 516+008 
51703 688 516+000 517+000 
51703 520 516+000 517+000 
51703 200 516+000 518+000 
51703 928 515+000 518+000 
51703 1296 18315+000 18318+027 
51703 243 18315+000 18318+027 
51703 630 55110+005 55111+040 
51703 1000 55110+005 55111+040 
51703 750 519+050 
51703 189 519+050 
51703 910 518+010 519+040 
51703 972 518+010 519+040 
51703 540 518+000 519+040 
51703 315 518+000 519+040 
51703 224 18013+022 18016+035 
51703 760 518+000 519+000 
51703 1162 518+000 
51703 168 18017+000 
51703 888 518+000 
51703 665 517+050 521+000 
51703 1001 517+050 521+000 
51703 1085 517+050 521+000 
51703 889 517+050 521+000 
51703 840 517+050 521+000 
51703 266 18013+040 18013+080 
51703 320 18013+021 18013+080 
51703 320 18900+037 18902+040 
Duration 
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8/21/2003 77-2352-449 CL 
8/22/2003 77-2352-449 CL 
8/25/2003 77-2352-449 CL 
8/26/2003 77-2352-449 CL 
8/27/2003 77-2352-449 CL 
8/28/2003 77-2352-449 CL 
9/18/2003 77-2352-449 CL 
9/23/2003 77-2352-449 CL 
10/31/2003 77-2352-449 CL 
4/13/2004 77-2352-449 CL 
4/14/2004 77-2352-449 CL 
4/16/2004 77-2352-449 CL 
4/27/2004 77-2352-449 CL 
4/28/2004 77-2352-449 CL 
4/29/2004 77-2352-449 CL 
4/30/2004 77-2352-449 CL 
5/3/2004 77-2352-449 CL 
5/4/2004 77-2352-449 CL 
5/5/2004 77-2352-449 CL 
5/6/2004 77-2352-449 CL 
5/20/2004 77-2352-449 CL 
5/21/2004 77-2352-449 CL 
5/26/2004 77-2352-449 CL 
5/28/2004 77-2352-449 CL 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Total 
51703 880 18900+037 
51703 210 18900+037 
51703 1200 55110+001 
51703 1152 55110+001 
51703 936 55110+001 
51703 376 55091+040 
51703 525 18513+093 
51703 222 18013+020 
51703 17585.300 0+000 
51703 531 55091+000 
51703 576 55090+000 
51703 558 55090+000 
51703 540 18318+000 
51703 576 18318+000 
51703 639 18318+000 
51703 702 18318+000 
51703 603 5507+000 
51703 648 5507+000 
51703 540 5507+000 
51703 558 5507+000 
51703 464 17012+020 
51703 318 17012+020 
51703 224 17012+000 
51703 999 517+000 
18902+040 1 
18902+040 1 
55111+040 1 
55111+040 1 
55111+040 1 
55022+060 1 
18514+087 1 
18013+050 1 
0+000 10 
1 
55091+000 1 
55091+000 1 
51703 51703 64 
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Table F.13. 2nd and 3rd Street interchange (477) earthwork duration 
IDR Date Project Item Description ^°(nl3)^ ^ ^ (m3) Duration 
10/3/2002 77-2352-477 CL 10 EXCAVATION RDWY+BORROW 2206 2 
10/25/2002 77-2352-477 CL 10 EXCAVATION RDWY+BORROW 120.580 1 
6/13/2003 77-2352-477 CL 13 EXCAVATION RDWY+BORROW 40671.900 36152.800 25 
6/13/2003 77-2352-477 CL 12 EXCAVATION RDWY+BORROW 5176.800 4601.600 4 
9/11/2003 77-2352-477 CL 10 EXCAVATION RDWY+BORROW -2326.580 1 
9/11/2003 77-2352-477 CL 13 EXCAVATION RDWY+BORROW 40671.900 2326.580 2 
2/11/2004 77-2352-477 CL 13 EXCAVATION RDWY+BORROW 40671.900 2192.520 2 
2/11/2004 77-2352-477 CL 12 EXCAVATION RDWY+BORROW 5176.800 575.200 1 
Total 45848.700 45848.700 38 
Table F.14. HMA mainline 50 to 73 (495) earthwork duration 
IDR Date Project Item Description Total Qty (m3) 
Qty Posted 
(m3) 
Station 
From 
Station 
To Duration 
4/12/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/13/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/14/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/15/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/16/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/19/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
4/26/2004 77-2352-495 CL 10 EXCAVATION RDWY+BORROW 
48917 
48917 
48917 
48917 
48917 
48917 
48917 
549 1+000 
585 0+000 
765 0+000 
522 1051+000 1053+000 
117 1041+000 1047+000 
882 1041+000 1047+000 
657 1050+020 1053+020 
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4/26/2004 77-2352-495 CL 
4/27/2004 77-2352-495 CL 
4/28/2004 77-2352-495 CL 
4/29/2004 77-2352-495 CL 
5/3/2004 77-2352-495 CL 
5/4/2004 77-2352-495 CL 
5/5/2004 77-2352-495 CL 
5/6/2004 77-2352-495 CL 
5/7/2004 77-2352-495 CL 
5/17/2004 77-2352-495 CL 
5/20/2004 77-2352-495 CL 
5/21/2004 77-2352-495 CL 
5/21/2004 77-2352-495 CL 
5/21/2004 77-2352-495 CL 
5/26/2004 77-2352-495 CL 
5/27/2004 77-2352-495 CL 
5/28/2004 77-2352-495 CL 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
EXCAVATION RDWY+BORROW 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Total 
48917 792 
48917 612 
48917 639 
48917 720 
48917 630 
48917 648 
48917 693 
48917 531 
48917 468 
48917 558 
48917 576 
48917 288 
48917 144 
48917 450 
48917 81 
48917 756 
48917 450 
64051.630 13113 
1050+020 1053+020 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
405+080 1057+000 
0+000 
406+000 418+000 
0+000 
0+000 
406+000 420+000 
1+000 
1+000 
1+000 
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Table F.15. East 14th/ East 15th interchanges (569) earthwork duration 
IDR Date Project Item Description Current Qty Posted (m3) 
Station 
From 
Station 
To Duration 
3/23/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 180 31054+012 31054+062 1 
3/24/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 30 32057+010.536 31257+054.974 
3/25/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 216 32058+035.491 32058+070.563 1 
3/30/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 72 31357+044.635 0+000 1 
4/29/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 180 31357+020 31357+020 1 
4/29/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 306 31357+020 31357+020 1 
5/3/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 90 31357+020 31357+020 1 
5/3/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 168 31357+020 31357+020 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 648 56440+075 56441+030 1 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 210 31357+020 31357+020 1 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 168 56440+075 56441+030 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 390 31357+020 31357+020 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 276 31357+020 31357+020 
5/4/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 168 56441+010 56441+060 
5/5/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 648 56440+075 56440+030 1 
5/6/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 156 56440+080 56441+020 1 
5/7/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 132 56441+020 56441+035 1 
5/12/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 156 56441+055 56441+070 1 
5/17/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 240 56401+070 56402+008 1 
5/17/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 204 56401+070 56402+008 
5/20/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 792 56401+050 56401+070 1 
5/24/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 468 56401+050 56401+020 2 
5/24/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 1104 56401+050 56401+020 
5/26/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 462 56401+070 56401+095 1 
5/27/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 516 29355+080 29355+045 1 
5/28/2004 77-2352-569 CL 10 EXCAVATION RDWY+BORROW 34689 510 29355+000 29355+045 1 
Total 53408 8490 19 
APPENDIX G. WORKING DAYS COMPARISON IN THE THESIS 
Table G.I. Working days comparison [27] 
Project Contract duration 
Used 
contract 
duration 
Calendar 
days 
ISU working 
days 
Possible ISU 
working days if 
expedited 
35th Street interchange 
project 
(3/31/03-11/27/03) 
130 129 240 172 128 
42nd Street interchange 
project 
(2/27/04-9/27/04) 
95 85 210 151 103 
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APPENDIX H. LEGEND FOR PROJECT SCHEDULES 
As-built schedule (Lined bar): V///////////////^ ,^ 
Baseline schedule (Solid bar): ZD 
Nonworking days including weekend; Split (Dotted line): 
Project summary: 
Phase summary: @ =© 
Milestone (Mostly used as a completion date in the thesis): • 
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APPENDIX I. COST ESTIMATION FOR PROJECT SCHEDULES 
1.1 Cost Estimation Method for Interchange Construction 
The Iowa State University Scheduling Team completed seven preliminary cost 
estimates for the Iowa DOT design team. The main purpose was to provide information 
about the unit prices for specific projects as well as the total cost in 1-235 interchange 
reconstruction. The projects were: (1) Polk Boulevard, (2) E 6th to E 15th, (3) University 
Avenue to Guthrie mainline pavement, (4) 35th Street WDSM grading and paving project, (5) 
19th Street grading and paving project, (6) 14th Street project, and (7) 42nd Street project. The 
part for bridge construction in the estimation was excluded because the Iowa DOT design 
team could estimate based on the cost per m2 of bridge deck. 
The summary of unit prices for the 1-235 projects, from 1/1/99 to Feb/2002 [28], was 
used as a source of information for unit prices. The ISU cost estimation procedure for the 
Iowa DOT design team is described in Figure 1.1. In addition, the author, Iowa State 
University researcher, assumed that estimating total cost with conceptual information, such 
as length of a ramp, was challenging, but needed to be studied. The result was compared with 
the estimation based on the 1-235 summary book [28]. 
The estimate for the 35th Street grading and paving project is described as an example 
of the seven projects (Table 1.1). The contract price of the project was $ 7.09 million 
including the bridge, whereas the author's estimation based on 1-235 summary book and 
gathered information was 7.35 million - 4% more than the contract price. Thus, the author 
concluded that the estimation provided by Iowa State University may be used as the actual 
cost to develop other estimation methods regarding interchange construction.Table 1.1 also 
provides the contribution of each unit to cost, such as interchange, bridge, and retaining wall 
- 57%, 26%, and 17%, respectively. 
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Yes No Check with 1-235 
Summary 
No The total cost & 
unit price O.K ? 
Yes 
Sum the cost of bid item 
Preliminary Estimation Detail Estimation 
Reporting to DOT Design 
Find unit price using 
Means book, Timberline 
Applying the unit prices 
and multiplying the total 
number. 
Consult Summary of 1-235 in 
attempt to find unit price 
Figure 1.1. Cost estimation procedure by using schedule of price reported to the Iowa 
DOT design team 
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Table 1.1. Schedule of bid items for the 35th Street interchange reconstruction project 
TTnil Estimated Costs Item 
No. Item Description Unit 
lot ill 
(1+2+3) 
unit 
price Grading (1) Bridge (2) Retaining Wall (3) 
lot ill 
(1+2+3) 
1 CLEAR+GRUB HA 0 8,853 1,771 0 0 1,771 
2 CL 10 EXCAVATION RDWY+BORROW M3 144,402 10 1,444,020 0 0 1,444,020 
4 SPECIAL BACKFILL MAT'L MG 3,553 20 71,060 0 0 71,060 
5 MODIFIED SUBBASE M3 5,911 47 277,817 0 0 277,817 
6 PAVED SHLD, HMA, 200 MM M2 6,082 22 133,804 0 0 133,804 
12 STD/S-F PCC PAV'T CL C CL 3 300 MM M2 11,266 60 675,960 0 0 675,960 
13 MEDIAN DOWELLED PCC AS PER PLAN M2 1,781 47 84,562 0 0 84,562 
17 HMA (10M ESAL) BASE, 25 MM MG 5,496 65 356,691 0 0 356,691 
18 HMA (10M ESAL) INTERMEDIATE, 19 MM MG 2,217 58 127,545 0 0 127,545 
19 HMA (30M ESAL) SURF, 19 MM, FRIC L-2 MG 2,090 90 188,100 0 0 188,100 
20 ASPH BINDER, PG 64-22 MG 1,220 226 275,720 0 0 275,720 
25 RMVL OF EXIST BRIDGE LS 1 189,285 0 189,285 0 189,285 
31 GRANULAR BACKFILL M3 3,474 16 0 0 56,106 56,106 
32 STRUCT CONC (MISCELLANEOUS) M3 543 365 0 0 198,018 198,018 
33 HIGH PERFORMANCE STRUC CONC M3 976 536 0 523,434 0 523,434 
39 BULB TEE PRETENSIONED PRESTRES EACH 15 17,500 0 262,500 0 262,500 
40 BULB TEE PRETEN SIONED PRESTRES EACH 15 20,300 0 304,500 0 304,500 
41 STRUCTURAL STEEL KG 11,807 2 0 25,858 0 25,858 
60 PILE FURN STEEL BEAR HP 250 x 62 M 1,487 47 0 70,252 0 70,252 
64 CONCRETE DRILLED SHAFT, 1220 mm PI A M 73 1,506 0 109,924 0 109,924 
92 CONSTRUCTION SURVEY LS 2 17,985 0 17,986 17,986 35,972 
93 CONSTRUCTION SURVEY LS 1 20,289 20,289 0 0 20,289 
106 INTERMEDIATE FOUNDATION UNIT M 2,865 200 0 0 573,000 573,000 
107 STONE COLUMN PIERS M 2,866 342 980,202 0 0 980,202 
108 VERIFICATION TESTING LS 10 32,589 0 0 325,892 325,892 
Total Cost 4,156,885 1,928,177 1,262,883 7,347,945 
Comparison 57% 26% 17% 100% 
Contract price 7,090,000 ISU Cost 7,347,945 104% 
Note: Item numbers included are major parts in the 35th Street project. Thus, total cost is not matched with sum of each item cost shown in this table. 
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1.2 Conceptual Cost Estimating Methods for Interchange Construction 
1.2.1 Estimation by using empirical constant 
In addition to estimating via using a schedule of prices, the author sought for a simple 
way to estimate grading and paving projects. The first method was to determine the total cost 
estimating only large portioned activities, then dividing by a designated constant 
(approximately 0.35-0.45). Another method was to initially determine the average cost of 
cross-section per unit length, then multiply it by the length of the ramp. In the planning 
phase, when inadequate time or no schedule of items are provided for the estimation of 
grading and paving project, an estimator can apply brief take-off quantities from the 
conceptual information, such as staging map [29] to estimate the entire cost. 
Total grading and paving could be conceptually estimated by dividing 0.4 after 
calculating the activities below. 
• MSE walls - $300/m2, Modified Subbase - V x $25/m3 
• Pavement Removal - A x $35/ m2, PCC Pavement -Ax $40/ m2 
• Bridge Approach Sections -Ax $100/ m2, Long Subdrain - L x $10/m 
The factor, 0.4, is an empirical constant previously suggested by the Iowa DOT 
design team. The cost after divided by 0.4 was only 87% as compared to the estimation based 
on summary of 1-235 (see Table 1.2). Therefore, the activities, such as retaining walls and 
soil nailing, must be included in the major activities to come closer to the total of 100%. 
To solve the problem, the estimation method suggested by Iowa DOT design team 
was modified through the addition of some key activities not included in their original 
estimation shown in Table 1.2. In addition, the author provided a more accurate estimation by 
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adjusting unit prices to actual costs. If an interchange construction has additional structures, 
such as a retaining and noise walls, they should be included the list of items to be divided by 
the provided constant. As shown in Table 1.3, the constant for the six projects after a 
retaining wall and a soil nail wall were included in the representative activities list. The 
estimation results proposed by the author after dividing by 0.4 were closer to the actual cost. 
Consequently, the estimation method can be used to calculate more accurately the 
total cost for interchange project. This method can be used on-site when contractor or owner 
company's personnel need to make a decision quickly, such as to calculate the premium cost 
resulting from change orders as well as expedited construction. 
1.2.2 Estimation by taking-off cross section 
In the estimation method by taking-off cross-section information, the author determines the 
unit price of activities in the cross section as well as the length of each ramp, and then 
calculates the total cost based on this information. Each ramp has different cross sections 
according to the 35th Street interchange construction project plan [30]. However, the author 
attempted to determine if the cross sectional cost estimation could be alternative method to 
estimate the total interchange construction. If the method proves to be more effective, the 
planner can simply estimate the grading and paving process with conceptual information, 
such as staging map by changing the quantity of the cross section on an Excel sheet. 
193 
Table 1.2. Cost estimation method by using empirical constant provided by Iowa DOT team 
Item Unit 
Unit 
Price 35th St. 19th St. 42nd St. 6th to 15th POLK Blvd. 
Univ. to 
Guthrie Total (DOT) 
MSE walls m2 300 941,400 425,100 
- - -
1,371,055 
Modified subbase m3 25 147,775 211,100 87,250 468,084 
-
5,775 950,873 
Pavement removal m2 35 945,560 1,016,498 269,360 1,417,494 102,508 
-
3,831,587 
PCC pavement m2 40 455,680 876,868 341,664 1,712,248 90,560 508,640 4,073,910 
Bridge approach sections m2 100 120,980 76,550 50,520 102,100 42,800 259,200 657,462 
Long Subdrain m 10 23,720 18,600 19,340 41,620 
-
14,550 127,241 
Total (1) 1,693,715 3,141,016 1,193,234 3,741,546 235,868 788,165 11,012,127 
Total / 0.4 proposed by 
DOT (2) 4,234,288 7,852,540 2,983,085 9,353,866 589,670 1,970,413 27,530,318 
ISU cost estimation (3) 5,419,768 7,284,524 3,227,708 12,414,790 518,329 2,817,461 31,682,580 
Comparison (l)/(3) 31% 43% 37% 30% 46% 28% 35% 
Comparison (2)/(3) 78% 108% 92% 75% 114% 70% 87% 
Note: ISU cost estimation was based on summary of 1-235 from 1/1/1999 to 2/28/2003 [28]. 
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Table 1.3. Retaining wall and soil nail wall added on the previsouly selected activities 
Item Unit Unit Price (DOT) 35
th St. 19th St. 42nd St. 6th to 15th Polk Blvd. 
Univ. to 
Guthrie Total 
MSE walls m- 236 0 740,568 334,412 0 0 0 1,079,535 
Modified subbase m3 40 237,031 338,604 139,949 750,807 0 9,263 1,506,543 
Pavement removal nf 6 162,096 174,257 46,176 242,999 17,573 0 723,268 
PCC pavement m- 55 626,560 1,205,694 469,788 2,354,341 124,520 699,380 5,568,532 
Bridge approach sections m- 95 114,701 72,577 47,898 96,801 40,579 245,748 623,615 
Long Subdrain m 19 45,305 35,526 36,939 79,494 0 27,791 234,466 
Retaining wall 
(intermediate foundation 
improvement) 
m 250 715,000 416,250 0 0 0 250,000 1,383,915 
Soil nailing nf 433 0 0 0 1,996,780 0 0 2,001,391 
Total (1) 1,900,693 2,983,476 1,075,162 5,521,222 182,671 1,232,181 13,121,266 
Total / 0.4 proposed by 
DOT (2) 4,751,734 7,458,689 2,687,906 13,803,055 456,679 3,080,453 32,803,164 
ISU cost estimation (3) 5,419,768 7,284,524 3,227,708 12,414,790 518,329 2,817,461 31,682,580 
Comparison (l)/(3) 35% 41% 33% 44% 35% 44% 41% 
Comparison (2)/(3) 88% 102% 83% 111% 88% 109% 104% 
Note: ISU cost estimation was based on summary of 1-235 from 1/1/1999 to 2/28/2003 [28]. 
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The author divided the total area including the 35th Street project the project into 5 
sections, 4 ramps and 1 bridge. Then, the length of each ramp was subtracted and the cost per 
m was calculated to determine the total cost from subgrade to pavement. The quantities of 
modified subbase and excavation could be estimated separately based on the estimated 
project quantity. Some assumptions were as follows: 
• The overall unit price was based on a summary of the 1-235 book. 
• The unit price of a joint was included in the pavement price. 
• A cross section in same ramp is constant, no change in length. 
Finally, the prices are based on a length of 1 meter (Figures J.2-J.4), and are then 
multiplied by the length of each ramp. The total cost by cross section was 96%, compared to 
the cost estimated by the author (Table 1.4). This method would produce some variant results 
in other projects; nevertheless, the estimation method would work for conceptual estimation 
with considerable reducing time consumption. 
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I 
Cross-sectional change was assumed as not existing 
No Description Unit Thickness Width 
of pavement 
Width 
of sidewalk 
Quantity 
perm Unit price 
Cost 
perm 
HMA PAVEMENT (330 nun) 4.8 1.5 
1 75 mm surface course (19mm mix) Ton 0.075 083 90 75 
2 75 mm intermediate course (19mm mix) Ton 0.075 083 58 49 
3 180 mm base course (25mm mix) Ton 0.18 1.99 65 130 
4 Modified subbase (300 mm) m3 0.3 189 47 89 
5 Typical 7116 (shoulder) 56 
Total 399 
Figure 1.2. Unit price of hot mixed asphalt (HMA) per one meter of Ramp B [18, 28] 
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t 
Mt 
Section 0-1 
Unit price of a joint is included in the pavement price 
Cross-sectional change was assumed as not existing 
No Description Unit Thickness 
Width 
of 
pavement 
Width 
of 
sidewalk 
Quantity 
perm Unit price 
Cost 
perm 
PCC PAVEMENT 34.6 0 
1 PCC pavement (260 mm) m2 026 34.60 42 1454 
2 Special backfill (300 mm) m3 0.3 10.38 20 208 
3 Subgrade m2 0.5 34.60 0.45 16 
4 Typical 7115 (shoulder) 67 
Total 1,745 
Figure 1.3. Typical 35th Street cross section [18, 28] 
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Subbase 
150 mm Min, Thlcknessx-i—Earth Shoulder Fill SHOULDER, 200 m 
Special Backfill 
(TYPE 'B' HMA 
Refer to Standard Road Plan RH-42 TYPICAL SECTION 
200 mm HMA PAVED SHOULDER 
Ad iaeent to PCC Pavement 
Edge of Pavement -
P.C. Concrete 
Pavement 
Normal Subgrade 
Edge Treatment 
Fillet (j) 
No Description Unit Thickness Width Quantity Unit price <"°Sl 
1 of shoulder per m 1 per m 
1 Typical 7115 
2 200 mm HMA SHOULDER Ton 0.2 1.8 1.66 40 67 
3 Typical 7116 
4 200 mm HMA SHOULDER Ton 0.2 1.5 1.38 40 56 
5 Typical 7145 
6 Aggregate for paved shoulder 
Figure 1.4. Typical shoulder cross section [18, 28] 
199 
Table 1.4. Tabulation for the 35th Stret interchange cost estimation [6,18] 
No Description Unit Quantity Unit Price Cost Remarks 
1 35& St. M 418 1,745 729,410 
2 Ramp A M 500 799 399,500 
3 Ramp B (asphalt) M 700 399 279,300 
3 Ramp B (concrete) M 150 447 67,050 
4 Ramp C M 800 639 511,200 
5 Ramp D M 400 401 160,400 
6 Typical 7145 MG 952.35 20 19,047 
7 Excavation & borrow m3 144,460 10 1,444,020 
Total 
Comparison with ISU estimation 
3,609,927 
3,760,000 
96% 
1.3 Cost Effect Research by Method of Traffic Control 
The demolition process was selected as a good example of expedited construction. 
This construction was usually carried out at night and it was completed as soon as possible to 
avoid traffic reopening in the morning and noise. Two demolition projects were compared 
based on the impact of different equipment employment and site conditions on construction 
cost and duration. Data collected during the observation included: 
• Duration of activity 
• Work crew composition 
• Employed equipment for the activity 
• Quantities of concrete and steel demolished from the bridges 
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1.3.1.19th Street bridge demolition project 
Metron Company, a subcontractor of Reilly Construction, Inc., performed the 19th 
Street bridge demolition project from 6/16/03 to 6/23/03. The duration was 4 days for the 
demolition of concrete box girder bridge of six piers with the dimension of 68. lm x 12 m. 
The excavators initially made holes to break the concrete slabs, and they broke the bridge in 
segments. After demolishing the slab and 6 piers (Figure 1.5), seven trucks hauled the 
concrete debris (Figure 1.6). Afterward, three breakers broke both sides of the abutment. 
In order to estimate the cost of the project, the total number of resources was 
determined initially (Table 1.5). Since the bridge was a concrete box girder bridge, a crane 
was not needed in this project, but one was used for the demolition of the 42nd Street steel 
girder bridge. The total number of days was calculated (Table 1.5), which included the total 
hours of equipment and crew size employed for the demolition process. The total cost was 
determined by estimating the total number of days and unit prices for equipment and labor. 
The author used 10 hours as the normal work hours per day and applied overtime factor 1.1 
from the equation, [7.5 (overtime wage rate) xovertime hours+40 hours* 1.0 (normal time 
wage)/ - total working hours. The overtime factor depends on the working duration. 30% of 
the direct cost was applied as indirect cost. When added together, the two subtotals 
comprised the total cost of the demolition, which was $47,572 = $36,594+$10,978. 
1.3.2. 42nd Street bridge demolition project 
The demolition process of the bridge was compared to the 19th Street bridge 
demolition. The 42nd Street bridge was steel girder bridge with a total of 8 piers and 
dimensions of 66.05 mx 16.02 m. The site condition was relatively worse than that in 19th 
Street project. 
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Figure 1.5. Process of breaking by 7 excavators 
Figure 1.6. Wheel loader used for loading concrete rubble 
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Table 1.5. Cost estimation of the 19th bridge demolition 
Employed 
Resources 1st 2nd 3rd 4th Ave. 
Duration 
(day) 
Unit Price of 
Resources 
Equipment 
per hr 
Operator 
perlir 
Crew 
equipment 
cost/day 
Total 
cost 
Percent 
Hours 10.0 15.0 10.0 10.0 11.3 4.5 
Excavators 3.0 7.0 3.0 3.0 4.3 19.5 Excavators 32.0 22.2 542.0 11,156 30% 
Loaders 1.0 2.0 1.0 1.0 1.3 6.0 Loaders 54.0 38.3 923.1 5,846 16% 
Dump trucks 3.0 7.0 3.0 3.0 4.3 19.5 Dump trucks 26.0 20.3 462.8 9,525 26% 
Skid loader 1.0 2.0 2.0 2.0 1.8 8.0 Skid Loader 12.0 20.3 323.0 2,727 7% 
Crew 7.0 10.0 2.0 5.0 6.4 29.0 Crew 18.0 180.0 5,510 15% 
Mobilization 1,829 5% 
Direct Cost 36,594 100% 
Overtime charge 
factor 
Working hours per 
day 
1.1 
10.0 
Indirect Cost 
Total Estimated 
Cost 
0.3 10,978 
47,572 
30% 
Notes: (1) Two hours for traffic control were included in the estimation. (2) Equipment unit price was based on means heavy construction cost data [19]. (3) 
Equipment unit price includes operator fee. (4) 5% of direct cost for mobilization cost was assumed, (5) Waste treatment fee, the land fee, and clean 
up cost were not included. (6) Indirect cost 30% was assumped. 
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AMEBIC 
Figure 1.7. Demolition at the 42nd Street bridge 
General production rate was also affected by the features of the bridge and the site 
conditions. Following are reasons for relatively low production rate. 
• Restricted Space: Maintaining one open lane resulted in difficulties in providing 
space security for the employment of equipment. Not more than 2 breakers could be 
employed in the project, whereas 7 breakers were employed for the 19th Street 
demolition project. The decrease of production rate caused a chain effect, creating 
new idle time on other jobs, such as lifting and loading steel beams, and hauling and 
loading concrete rubble. Consequently, it ended up with substantial increase in total 
project duration and cost. 
• Safety. Traffic control overnight with one lane open requires strict attention to safety 
during breaking. All equipment operators and the superintendent took great care to 
avoid accidents. This greatly decreased job efficiency. 
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Table 1.6. Cost estimation of the 42nd Street bridge demolition 
Employed 
Resources 
1st 2nd 3rd 4th 5th 6th Ave. Total days 
Unit Price of 
Resources 
Equipment 
perhr 
Operator 
perhr 
Crew 
equipment 
cost/day 
Total 
cost 
Percent 
Hours 10 10 10 10 10 10 10 6.0 
Crane 1 1 1 1 1 1 1 6.0 Crane 45.0 60.0 1,050.0 7,350.0 12% 
Excavators 3 3 3 3 3 3 3 18.0 Excavators 32.0 22.2 542.0 11,382.0 18% 
Loaders 1 1 1 1 1 1 1 6.0 Loaders 54.0 38.3 923.1 6,461.7 10% 
Dump trucks 5 5 5 5 5 5 5 30.0 Dump trucks 26.0 20.3 462.8 16,198.0 25% 
Gas welding 
machine 3 3 3 3 0 0 2 12.0 
Gas welding 
machine 12.0 120.0 1,680.0 3% 
Skid loader 1 1 1 1 1 1 1 6.0 Skid loader 12.0 20.3 323.0 2,261.0 4% 
Crew 7 7 7 7 7 7 7 42.0 Crew 18 180.0 8,820.0 14% 
Welder 3 3 3 3 3 3 18.0 Welder 
Mobilization 
Direct cost 
30.0 300.0 6,300.0 
3,181 
63,634 
10% 
5% 
100% 
Overtime charge 
factor 1.2 Indirect cost 0.3 19,090 30% 
Working hours 10 Total 82,724 130% 
Notes: (1) Two hours for traffic control were included in the estimation. (2) Equipment unit price was based on means heavy construction cost data [19]. (3) 
Equipment unit price includes operator fee. (4) 5% of direct cost for mobilization cost was assumed. (5) Waste treatment fee, the land fee, and clean 
up cost were not included. (6) Indirect cost 30% was assumped. 
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• More repetitive work: One-lane closure compared to all-lane closure required a 
greater restructuring of work procedure, such as repetitive opening and closing of the 
road on a daily basis, and mobilization. 
• Steel girder bridge : Compared to a concrete box girder bridge, 19th Street bridge, this 
bridge demolition required more resources on setting apart steel girder. A crane, three 
welding crews, and a gas welding machine were required based on the type of bridge, 
which increased the project cost and duration. 
Overtime factor 1.2 was calculated and applied to the cost estimate based on the 
following equation, which was the case for 19th Street bridge demolition. A total cost of 
$82,724 resulted by adding a 30% indirect cost of $19,090 to the direct cost of $63,634 as 
estimated by the author (Table 1.6). 
[7.5 (overtime wage rate) xovertime hours+40 hours* 1.0 (normal time wage)/ '• total 
working hours. 
1.3.3. Comparison between 19th and 42nd Street bridge demolition projects 
The 19th and 42nd Street bridge demolition projects employed a similar method of 
demolition as the contractors used breakers instead of blasting. However, there were several 
differences between the two projects as mentioned previously. Table 1.7 provided 
information about the site condition, procedure, duration, and cost per unit area of the bridges 
for comparison of the two projects. 
Table 1.7 indicates the difference in the duration and the cost resulted from the 
method of traffic control. Even if the 19th Street bridge was larger than the 42nd Street bridge, 
the 42nd bridge demolition had a greater duration resulting in a large difference in cost per m2. 
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Table 1.7. Comparison of the 19th and 42nd Street bridge demolitions 
19' St. bridge demolition 42nd St. bridge demolition 
Type of bridge 
Traffic Control 
Area of bridge (m2) 
Duration (day based on 
8 hours per day) 
Total cost ( $ ) 
Cost per m2 ( $ ) 
Way of breaking bridge 
Way of hauling waste 
Setting apart steel girder 
by using crane 
Concrete box girder bridge 
All lanes closed 
1,362 
4.5 
47,572 
34.9 
7 breakers working 
at the same time 
7 trucks working at the same 
time after breaking completed 
No 
Steel girder bridge 
1 direction lane closed 
830 
6.0 
82,725 
99.7 
2 breakers working 
at the same time 
1 truck with excavator working 
at the same time while breaking 
Yes 
The construction duration and cost were influenced considerably by decision making 
for traffic control in the preconstruction phase. In addition, the selected method in the 42nd 
Street bridge demolition could have been effective. Martin Luther King bridge demolition 
project was also observed by Iowa State University researchers. The project was conducted 
in both directions with closed lanes being similar to 19th Street bridge demolition. The 
production result was even higher than that of 19th Street bridge demolition. Therefore, the 
traffic control in the demolition process was strategically planned to obtain the expected 
production rate. Even if the old 42nd Street bridge was a steel girder bridge, production by 
using two-days all lane closure through two weeks resulted in better production. 
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